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ABSTRACT 
Track and field is one of the world's oldest sporting activities. We 
can trace the origin of track-and-field events in ancient Egyptian art. Its 
dominant presence can also be identified with frequent "races" that took 
place in ancient Greece before 1000 BC. Without an iota of doubt, it is 
rightly been designated as the "mother of all games". 
The poor performance of Indian track-and-field athletics at the 
International level has been a cause of great concern, especially to the 
coaches, physical educationists and sports scientists. Efforts have been 
made to improve the standard of our sportsmen for long, but little 
success has been achieved, so for, in this respect. 
It is important to note that in contemporary India the choice of 
sports is determined by the child's interest, facilities available and 
popularity of the sports in that particular society, but it is immaterial 
whether, his body structure is fulfilling the mechanical requirements of 
the game or not. If he chooses a wrong activity for which his body 
structure is not suited a limit is set beyond which, his performance 
cannot be improved, and however hard he and his coach may try. 
There are numerous factors that are responsible for the 
performance of Athletes. The physique and body composition including 
size, shape and form of the player are known to play a significant role in 
their performance. Along with these the performance of a sports man in 
any game is also dependent on his suppleness, skill, training, 
motivation and on various other factor of physiological and bio -
chemical nature. Age, sex and physical growth have also been noticed 
to influence a person's capacity for physical activity. 
This study was an attempt to highlight physical and physiological 
differences among elite middle and long distance runners of our 
country. The aim of this study was to compare the selected physical and 
physiological parameters of elite middle and long distance runners. 
For the purpose of this study 50 Indian elite male middle and long 
distance runners were selected from 
> India camp held at Patiala - Data of 7 athletes of 800 m runners, 9 
athletes of 1500 - 5000 m runners and 10 athletes of 5000 - 10000 
m runners were collected from 14"^  May to 24^ *^  May 2005. 
> All India Inter-varsity, held at Ranchi - Data of 3 placeholder athletes 
of 800 m runners, 4 placeholder (1 athlete of previous year) athletes 
of 1500 - 5000 m runners and 4 placeholder (1 athlete of previous 
year) athletes of 5000 - 10000 m runners were collected from 25"^ 
Jan to 1"'Feb 2004. 
> Lucknow and Allahabad sports hostel - Data of 4 athletes of 800 m 
runners, 4 athletes of 1500 - 5000 m runners and 5 athletes of 
5000 - 10000 m runners were collected from 24'^ June to 30"" June 
2005. 
The study was delimited to the following physical and 
physiological parameters. 
Physical parameters; 1) Weight, 2) Stature, 3) Sitting Height, 4) 
Shoulder breadth 5) Hip breadth, 6) Upper arm length, 7) Fore arm 
length, 8) Thigh length, 9) Lower leg length, 10) Biceps muscle girth, 
11) Calf muscle girth, 12) Triceps skin fold, 13) Sub-scapular skin fold, 
14) Suprailium skin fold, 15) Calf skin fold, 16) Thigh skin fold, 17) 
Humerus biepic condyle diameter, 18) Femur biepic condyle diameter, 
19) Somatotype i) Endomorphic rating, ii) Mesomorphic rating, iii) 
Ectomorphic rating, 20) Body proportionality i) Sitting height - stature 
index, ii) Ponderal index, iii) Thigh length - lower leg length index, iv) 
Upper arm length - lower arm length index, v) Hip breadth - stature 
index, vi) Shoulder breadth - stature index. 
Physiological parameters: 1) Heart rate, 2) Vital capacity. 
The researcher had gone to various parts of India for gathering 
the relevant data, all standards equipments and techniques were used. 
F - test and scheffe's test at 0.05 level of significance were used 
to find out the significant difference among 800 m, 1500 - 5000 m and 
5000 - 10000 m runner groups. 
Results of the statistical analysis shows significant F - value for 
weight = 49.89, stature = 22.40, sitting height = 4.70, shoulder 
breadth = 5.93, hip breadth = 20.63, upper arm length = 38.09, fore arm 
length = 10.48, thigh length = 21.61, lower leg length = 25.69, biceps 
muscles girth = 10.76, calf muscles girth = 4.96, sum of five skin 
fold = 12.01, endomorphic rating = 3.71, mesomorphic rating = 10.84, 
ponderal index = 14.25, thigh length - lower leg length index = 22.28, 
hip breadth - stature index = 9.25, heart rate = 12.91 and vital 
capacity = 3.97 
However insignificant F - value were obtained for humerus biepic 
condyle diameter, femur biepic condyle diameter, ectomorphic rating, 
sitting height - stature index, upper arm length - lower arm length index 
and shoulder breadth - stature index. 
F - Value required for significance at .05 level of confidence was 
3.20 
Further, scheffe's test analysis indicated that the 800 m runners' 
mean weight, stature, hip breadth, upper arm length, fore arm length, 
thigh length, lower leg length, sum of five skin fold, thigh length - lower 
leg length index, hip breadth - stature index and heart rate were 
significantly greater than 1500 - 5000 m runners and 800 m runners' 
mean ponderal index was lesser than 1500 - 5000 m runners. 
However no differences were found between sitting height, 
shoulder breadth, biceps muscles girth, calf muscles girth, humerus 
biepic condyle diameter, femur biepic condyle diameter, endomorphic 
rating, mesomorphic rating, ectomorphic rating, sitting height - stature 
index, upper arm length - lower arm length index, shoulder breadth -
stature index and vital capacity of 800 m and 1500 - 5000 m runners. 
Scheffe's test analysis indicated that the 800 m runners' mean 
weight, stature, sitting height, shoulder breadth, hip breadth, upper arm 
length, fore arm length, thigh length, lower leg length, biceps muscles 
girth, calf muscles girth, sum of five skin fold, endomorphic rating, 
mesomorphic rating, thigh length - lower leg length index, hip breadth -
stature index, heart rate and vital capacity were greater than 
5000 - 10000 m and 800 m runners' mean ponderal index was lesser 
than 5000 - 10000 m runners. 
However no differences were found between humerus biepic 
condyle diameter, femur biepic condyle diameter, ectomorphic rating, 
sitting height - stature index, upper arm length - lower arm length index 
and shoulder breadth - stature index of 800 m and 5000 - 10000 m 
runners 
Scheffe's test analysis indicated that the 1500 - 5000 m runners' 
mean upper arm length, lower leg length and mesomorphic rating, were 
greater than 5000 - 10000 m runners. 
However no differences were found between mean weight, 
stature, sitting height, shoulder breadth, hip breadth, fore arm length, 
thigh length, biceps muscles girth, calf muscles girth, sum of five skin 
fold, humerus biepic condyle diameter, femur biepic condyle diameter, 
endomorphic rating, ectomorphic rating, sitting height - stature index, 
ponderal index, thigh length - lower leg length index, upper arm 
length - lower arm length index, hip breadth - stature index, shoulder 
breadth - stature index, heart rate and vital capacity of 1500 - 5000 m 
and 5000 - 10000 m runners 
The reviews of various research studies in light of our findings is 
leading us to conclude that the observed significant differences in the 
various physical and physiological variables of elite middle and long 
distance runners are decisive determinants of the performance limits 
binding these athletes. This is conforming the fact that competitive sport 
demands event specific physical structure. 
Top-level performance demands a particular type of body size, 
shape and proportion. Numerous researchers had observed high co-
relations between the body profile of athletes and performance in 
specific tasks. Hirata had suggested that Nation with people whose 
general physique is limited to the characteristics of champions in certain 
events must concentrate their training programme on those events only. 
Carter had also suggested that the athletes who wish to achieve 
success in sports at high level must compare their physique with 
Olympic athletes. 
Thus the findings of this study will be useful to coaches in track 
and field. As hard empirical facts obtained could from the basis of talent 
selection in the very field. It is also to be noted that not much empirical 
work has been done to study the physical and physiological differences 
between elite middle and long distance runners of India. This research 
had highlighted the physical and physiological characteristics of middle 
and long distance runners. It had also shown physique in relation to the 
mechanical requirement of the two categories of running events. 
CONCLUSIONS: 
The findings of our study had led us to draw the following 
conclusions: 
Physical variables: 
> 800 m runners' had greater weight, stature, hip breadth, upper 
arm length, fore arm length, thigh length, lower leg length, sum of 
five skin fold, thigh length - lower leg length index and hip 
breadth - stature index than 1500 - 5000 m runners. 
> 800 m runners' had lesser ponderal index than 1500 -5000 m 
runners. 
> No differences were found between sitting height, shoulder 
breadth, biceps muscles girth, calf muscles girth, humerus biepic 
condyle diameter, femur biepic condyle diameter, endomorphic 
rating, mesomorphic rating, ectomorphic rating, sitting height -
stature index, upper arm length - lower arm length index and 
shoulder breadth - stature index of 800 m runners and 
1500-5000 m runners. 
> 800 m runners' had greater mean weight, stature, sitting height, 
shoulder breadth, hip breadth, upper arm length, fore arm length, 
thigh length, lower leg length, biceps muscles girth, calf muscles 
girth, sum of five skin fold, endomorphic rating, mesomorphic 
rating, thigh length - lower leg length index and hip breadth -
stature index than 5000 - 10000 m runners. 
> 800 m runners' had lesser ponderal index than 5000 - 10000 m 
runners. 
> No differences were found between humerus biepic condyle 
diameter, femur biepic condyle diameter, ectomorphic rating, 
sitting height - stature index, upper arm length - lower arm 
length index and shoulder breadth - stature index of 800 m and 
5000-10000 m runners 
> 1500 - 5000 m runners' had greater upper arm length, lower leg 
length and mesomorphic rating than 5000 - 10000 m runners. 
> No differences were found between mean weight, stature, sitting 
height, shoulder breadth, hip breadth, fore arm length, thigh 
length, biceps muscles girth, calf muscles girth, sum of five skin 
fold, humerus biepic condyle diameter, femur biepic condyle 
diameter, endomorphic rating, ectomorphic rating, sitting height-
stature index, ponderal index, thigh length - lower leg length 
index, upper arm length - lower arm length index, hip breadth -
stature index and shoulder breadth - stature index of 1500 - 5000 
m and 5000 - 10000 m runners. 
Physiological variables: 
> 800 m runners' had greater heart rate than 1500 - 5000 m 
runners. 
> No differences were found in vital capacity of 800 m and 1500-
5000 m runners. 
> 800 m runners' had greater heart rate and vital capacity than 
5000- 10000 m runners. 
> No physiological differences were found between 1500 - 5000 m 
and 5000 - 10000 m runners. 
RECOMMENDATIONS: 
1.The findings of the study should be taken in to consideration 
while going for talent hunts for probable potential middle and long 
distance runners. Children with the inherited physical and 
physiological characteristics as observed in our study may only 
be recommended for middle and long distance running. 
2. Along with physical and physiological parameters, psychological 
and biomechanical parameters of middle and long distance 
runners should also be studied. 
3. Further, a study should be conducted to compare world elite 
middle and long distance runners in relation to physical, 
physiological, psychological and mechanical parameters. 
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CHAPTEEM 
IIT'EODUCTIOI 
INTRODUCTION 
Track and field is one of the world's oldest sporting activities. We 
can trace the origin of track-and-field events in ancient Egyptian art. Its 
dominant presence can also be identified with frequent "races" that took 
place in ancient Greece before 1000 BC. Without an iota of doubt, it is 
rightly been designated as the "mother of all games". 
At present, track-and-field consist of running, hurdling, jumping 
and throwing events held between individuals and teams at indoor and 
outdoor meets. The running and hurdling competitions make up the 
track events, while the jumping and throwing contests comprise the field 
events. In many countries the sports as a whole is called athletics. 
Running races are the most prominent track events; the range in length 
from the indoor 50 meter dash to the outdoor marathon. 
The first organized track-and-field meet that is called Olympic 
Games began in 776 BC in Greece. Coroebus, who won the first sprint 
competition, was regarded as the first Olympic champion. For many 
years the main Olympic competition was the pentathlon, which 
consisted of discus, javelin, foot racing, long jumping and wrestling. 
Other contests, including foot races for men clad in full armor, later 
joined the games. Notwithstanding, the Roman conquest of Greece in 
146 BC, Olympic contests continued to be held for more than 500 
years. But the Roman emperor, Theodosius I, discontinued it in 393 AD; 
because, he treated the Olympic contests as a pagan activity. For eight 
centuries thereafter, no organized track-and-field competitions 
occurred. 
The uncovering of the ancient athletic site at Olympia and the 
knowledge gathered from various books relating to the inspiring history 
of the ancient games influenced the intellectual circle of the world in the 
19"^  century. At this time, it was felt that bringing together of youth, in 
the spirit of ancient Olympic competitions, would not only contribute to 
the development of healthy youth, but also lay a foundation of peace In 
the world. 
The credit of reviving the ancient Olympic Games goes to a 
French Baron, Pierre de Coubertin, who was born in Paris on 1^' 
January 1863. As a young man, Coubertin had refused careers In 
literature and history. He had chosen to work In the field of sociology 
and education. He believed that intelligence cannot exist without 
training of the body. For this reason, he was a great admirer and 
propagator of school sports. Due to this effort, the first inter-school 
athletic games were held in Paris in 1889. This was his first step in the 
direction of revival of Olympics on an international level. According to 
Prof. Carl Diem of Germany, it was the love of peace and respect for life 
that drove Coubertin to the idea of reviving the Olympic Games. 
Coubertin, due to his untiring efforts, succeeded in organizing a 
"Congress" on 23^ ^^  of June 1894 that decided to revive the ancient 
Olympic Games from the soil of their birth i.e., Greece in 1896. Thus 
Coubertin had won at last. It was In 1896 in the stadium at Athens 
(Greece) that the first Olympic Games of the modern era were held. 
It is to be noted that the rules of 20"^ century competitions are 
quite different from those of ancient times. But the spirit of the sport 
remains true to its early Greek roots. The modern Olympic motto Citius, 
Altius, Fortius (i.e.; faster, higher, stronger) best captures track-and-
field competition. Each event determines who can run the fastest, who 
can jump the highest or the longest, or who can throw the farthest. In 
this particular context, it Is imperative to highlight the middle and long 
distance running for the fulfillment of this research. 
MIDDLE DISTANCES: 
Middle-distance events include "races" of 800, 1500 and 3000 
meters. Middle-distance runners use a combination of speed and 
endurance. They must stay in competition but also regulate their speed 
carefully to avoid tiring too quickly. Some middle-distance runners 
change their speed several times during the race, while others maintain 
an even pace throughout the race. Nurmi, who dominated track and 
field in the 1920, carried a stopwatch during races as a means of 
checking on his pace. An important element of middle distance races is 
the kick, a sprint for the finish line on the last lap. Running form for 
middle-distance event greatly differs from that of sprints. Knee action is 
much less pronounced, the stride is shorter and the forward lean is less 
extreme in middle-distance events. 
LONG DISTANCES: 
Run longer than 3000 meters is considered as distance event. 
The most common distance races are 5000 and 10000 meters. The 
marathon race is one of the examples of long distance race, which take 
place on paved roads over a course of 42.195 km (26 mile and 385 yd). 
Most of the best distance runners are small and light-framed. They use 
a running style that avoids excess motion. Knee action is slight, arm 
movements are reduced to a minimum and the strides are shorter than 
those used in sprinting or middle-distance running. Along with fitness 
strategy is also very essential for competing in long distance events. 
The top racers use a variety of techniques to outperform their 
opponents, from abrupt changes of pace during the race to fast finishing 
kicks. 
HISTORICAL ROOTS OF ATHLETICS IN INDIA: 
The roots of athletics in India in its present form can be traced 
back to the last decade of nineteenth century. Nothing much is known of 
its early stages, till first known participation of Norman G. Pitchard in 2"^ 
Olympic Games in 1900 at Paris, where he won a Silver Medal in 200m. 
History does not speak much of this sport between 1900 and 1920. 
However, athletic competition was held as Inter Provincial Athletic 
Championship every two years. With the formation of Indian Olympic 
Association in 1926, its affiliation witii IOC in 1927 and taking over tiie 
reigns of lOA by late Maharaja Bhupinder Singh as President and Prof. 
G.D.Sondhi as Secretary in 1928, Athletic Championship became a part 
of Indian Olympic Games held every two years. 
India in the meantime participated (unofficially) in 1920 Olympic 
Games at Antwerp (Belgium) with 4 Athletes and 1924 Olympic Games 
at Paris with 8 Athletes under the leadership of H.C. Buck of YMCA 
"ft 
Madras. The official participation of Indian athletes started in the 1928 
Olympic Games at Amsterdam with a seven member team. Since then 
India participated under the lOA Banner in 1932 Olympic Games at Los 
Angels and 1936 Olympic Games at Berlin with 3 and 5 athletes 
respectively. Mr. M.C. Dhawan, who participated in 1932 Olympic 
Games at Los Angeles, became the Secretary of Amateur Athletic 
Federation of India in 1950. 
However, the Amateur Athletic Federation of India was formed in 
1946 at the initiative of Maharaja Yadvindra Singh, the then President of 
Indian Olympic Association, with Prof. G.D. Sondhi as its first President. 
It got affiliated to lAAF (International Amateur Athletic Federation) in the 
year 1946. But it followed the lOA for holding the National Athletic 
Championship once in two years. It was only in 1949 that AAFI took the 
decision of holding the National Athletic Championship every year. The 
AAFI for the first time selected 8 athletes (6 men and 2 women), who 
participated in 1948 Olympic Games at London. It was for the first time 
Indian women competed in the Olympic Games. From that time onward 
India is participating continuously in all Olympic and other games i.e. 
Asian games. Common wealth games, SAF games etc. 
The poor performance of Indian track-and-field athletes at the 
international level has been a cause of great concern, especially to the 
coaches, physical educationists and sports scientists. Efforts have been 
made to improve the standard of our sportsmen for long, but little 
success has been achieved so for. 
It is important to note that in contemporary India the choice of 
sports is determined by the child's interest, facilities available and 
popularity of the sports in that particular society, but it is immaterial 
whether, his body structure is fulfilling the mechanical requirements of 
the game or not. If he chooses a wrong activity for which his body 
structure is not suited a limit is set beyond which, his performance 
cannot be improved, however, hard he and his coach may try. 
However as man develops from birth to maturity some of the 
most observable changes in his body are those of his physical 
characteristics - his height, weight, shape and proportions. The patterns 
of growth of these characteristics result from the interaction of both 
inborn (genetic) and environmental factors, which are responsible for 
the performance of a sportsman. The physique and body composition 
including size, shape and form are known to play a significant role on 
the performance of an athlete. The performance of a sportsman in any 
game is also dependent on his suppleness, skill, training and motivation 
and on various other factor of physiological and bio-chemical nature. 
Age, sex and physical growth have also been noticed to influence a 
person's capacity for physical activity. 
Cureton (1941) stated that in general, people with long legs and 
long arms and relatively short and small trunks were physically weak in 
long sustained heavy work, but they might show great speed and 
endurance at high levels of athletic activity. Long third - class levers are 
noted for speed and range of action as well as for their efficiency for 
force. 
H. G. Dyson's (1986) stated that the running speed is the product 
of length and frequency of stride, their ratio changing from one phase of 
a race to another and from athlete to athlete yet these two factors are 
always interdependent and maximum running efficiency exists only 
when they are in correct proportion, depending mainly on the weight, 
build, strength, flexibility and co-ordination of the runner. In 
contradiction to Prof. A.V.Hill's original hypothesis, that the fastest time 
for a given middle or long distance could be attained by running at a 
constant speed, some physiologists have since suggested that the 
second half of such races should be run faster than the first, with the 
athlete conserving his anaerobic i.e. oxygen debt reserves until 
comparatively late In the race. 
Tanner (1964) is of the opinion that a person using many smaller 
strides uses more energy over a given distance then a person using 
fewer and longer strides (provided the long stride spring naturally from 
his physique and are not artificially imposed) 
Thus physical characteristics play a very vital role in all games 
and sports whether it is team or individual game, ideal body segments 
as per the demand of the particular event is necessary for higher 
achievement in that particular sport. In view of physical and 
physiological variations playing a significant role with performance of an 
athlete. Let us discuss certain important aspects associated with it. 
SOMATOTYPE: 
The term Somatotype is a Greek word, which means "forms of 
body". Sheldon first used this word Somatotype in 1940. The greater 
propagation of interest regarding a particular type of physique that helps 
an athlete towards greater performance for a particular game, come up 
around the middle of twentieth century. Heath Carter explained, 
Somatotype as a description of the present morphological confirmation, 
expressed in a three numeral rating, consisting of three sequential 
numerals, always recorded in the same manner. Each numeral 
represents the evaluation of three primary components of physique, 
which describe individual variations in human morphology and 
composition. 
He gave Somatotyping methods in 1967. Heath Carter method of 
Somatotyping is one such attempt, which fulfils to major extent these 
requirements and is widely in use through out the world during last 
three decades. 
It is based on anthropometric measurements, which are easy to 
take on the subjects. Heath Carter took ten anthropometric 
measurements for determining Somatotyping viz. Height, Weight, skin 
folds of triceps, subscapular, supraspinal and calf regions, biepic 
condyle diameter of humerus and femur. Girths of biceps and calf 
muscles. 
Heath Carter described these components as: 
• Extreme Endomorph 
o Wide hips and narrow shoulders (pear-shaped) 
o A lot of fat on the body, upper arms and thighs 
o Quite slim wrists and ankles 
• Extreme Mesomorph 
o Broad shoulders and relatively narrow hips (wedge-
shaped) 
o Muscular body 
o Strong forearms and thighs 
o Very little body fat 
• Extreme Ectomorph 
o Narrow shoulders, hips and chest 
o Thin face, high forehead 
o Thin legs and arms 
c Very little muscle or fat 
Everyone is a mixture of all three basic body types, with ratings such as 
3 4 4 or 3 5 2. 
Mesomorph 
(171) 
We,ghMe,s • ^ jprinter. 
c / m Tennis, 
Sumo / • PI \ 
\^'iestlers/ • \ 
^ Higt-Jumper: 
(711) ^ - - - ^ . ^ ^ ^ ^ ^ ^ (117) 
Endomorph Ectomorph 
BODY PROPORTIONALITY: 
The relationship of length to width, height to thickness, length-to-
length etc. of various parts of body represents proportions. This 
importance of proportion becomes evident, when we want to compare 
particular body parts of two persons who are otherwise different in over 
all size. The proportions or ratio keeps one measurement constant in all 
subjects compared and evaluate the differences in the other 
measurements. 
HEART RATE: 
The number of cardiac contractions in one minute is called heart 
rate. The number of contractions ranges from 60 to 80 b. min."^  the rate 
and intensity of the cardiac contractions is affected by exercise, long-
term training, age, disease, stress, environmental temperature etc. 
However 72 b. min"^  is generally considered as a normal resting heart 
rate. However, lower resting heart rates than 72 b. min'^  are recorded in 
the trained individuals. 
VITAL CAPACITY: 
It is the maximum volume of air expelled after a maximum 
inspiration. In quiet respiration the lungs work at about one - tenth of 
their full capacity and the tidal air volume is between 300 and 500 ccs. If 
after taking a normal breadth a maximal inspiratory effort is made the 
additional air inspired is about 1500 ccs and is called complemental air. 
Similarly the air expired by the maximal effort after a normal expiration 
is called the supplemental air and it is also around 1500 ccs. The sum 
of the volumes of tidal, complemental and supplemental air is thus the 
vital capacity. It is around 3500 ccs in a normal person. Vital capacity 
depends upon the physical development of an individual. 
SIGNIFICANCE OF THE STUDY: 
The study will be useful to coaches in track and field. As hard 
empirical facts obtained by us may form the basis of talent selection in 
the very field. It is also to be noted that not much empirical work has 
been done to study the physical and physiological differences between 
elite middle and long distance runners of India. This research shall 
highlight the physical and physiological characteristics of middle and 
long distance runners. It will also study their physique in relation to the 
mechanical requirement of the two categories of running events. So that 
children with these inherited physical and physiological characteristics 
may only be recommended for middle and long distance running. 
STATEMENT OF THE PROBLEM: 
After critically evaluating the various aspects of the study, the 
researcher had stated the problem as "/A study of physical and 
physiological differences between elite middle and long distance 
runners of India." 
HYPOTHESIS: 
After a painstaking review of the related literature and keeping in 
view the objectives of study, it is hypothesized that significant 
differences shall be observed in physical and physiological parameters 
of middle and long distance runners. 
LIMITATION: 
It is assumed that following aspects may bring minor infringement 
on the results of the study. 
(1) Age variation. 
(2) Socio - economic background. 
(3) Eating habits. 
(4) Regional differences. 
DELIMITATION: 
In view of our objectives and facilities available at our disposal, 
the study is confined to 
(A) Following physical variables of elite Indian male middle and long 
distance runners. 
(1) Weight 
(2) Stature 
(3) Sitting height 
(4) Shoulder breadth 
(5) Hip breadth 
(6) Upper arm length 
(7) Fore arm length 
(8) Thigh length 
(9) Lower leg length 
(10) Biceps muscles girth 
(11) Calf muscles girth 
(12) Triceps skin fold 
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(13) Sub scapular skin fold 
(14) Supra illium skin fold 
(15) Calf skin fold 
(16) Thigh skin fold 
(17) Humerus biepic condyle diameter 
(18) Femur biepic condyle diameter 
(19) Somototype (Heath Carter method '1984') 
(20) Body proportionality 
I. Sitting height - Stature index 
II. Ponderal index 
III. Thigh length - Lower leg length index 
IV. Upper arm length - Lower arm length index 
V. Hip breadth - Stature index 
VI. Shoulder breadth - Stature index 
(B) Following physiological variables of elite Indian male middle and 
long distance runners. 
(1) Heart rate 
(2) Vital capacity 
CHAPTEEMl 
EEVIIW OF EELATED 
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REVIEW OF RELATED LITERATURE 
This chapter primarily aims to present the various studies 
conducted on the physical and physiological differences among various 
elite groups of athletes. In this pursuit, the researcher had gone through 
with various books, journals, periodicals and other related material. The 
information that comes out after the painstaking review of all these 
material had helped the researcher greatly in pursuance of this study. 
Gerhardt Schmolinsky (1983) observed the athletes of 800/1500 
m and 5000/10000 m demonstrated a continuous gradient in many 
anthropometrical measurements and in musculo-skeletal tissue in the 
limbs. The first mentioned being the largest and the last mentioned is 
the smallest among them. However, the subischial length with respect 
to stature formed a gradient in the reverse order. The 800/1500 m and 
5000/10000 m athletes showed a reduced amount of body fat as 
compared with the short distance runners, but the musculo-skeletal 
tissue decreased even up to marathon athletes. The marathon runners 
were found to be slightly larger than the 5000/10000 m runners in most 
of the measurements. The 800/1500 m runners and marathoners had 
relatively narrow shoulders but the latter possessed relatively broad 
hips. 
Boileau Ra, MayhewJI, RinerWf, LussierL. (1982) compared the 
physiological responses of highly trained middle (MD) and long distance 
(LD) runners during treadmill running. The oxygen uptake (VO2) of 74 
elite runners (42 MD and 32 LD) was measured during treadmill running 
at several speeds (201, 241, 282, and 322 m/min at 0% grade) and at 
maximal efforts. The mean VO2 max (ml/kg.min) of the LD runners 
(76.9) was significantly higher (p < 0.01) than the value for the MD 
group (68.9). At each running speed, the relative oxygen costs (%V02) 
was lower (p < 0.01) for the LD group averaging 8% less across the four 
running speeds. The slopes of the relationship between sub maximal 
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V02 (ml/kg.min) and running speed of 0.183 and 0.216 m/s for the MD 
and LD groups, respectively, were not significantly different. The 
relationship between running performance, maximal treadmill running 
time (TRT) and VO2 was studied for each group. VO2 max was highly 
correlated with running performance in the MD group (r = 0.70) than in 
the LD group (r = 0.32) although the standard errors of estimate were 
similar for both groups. Results of this investigation demonstrate that 
there are differences in the metabolic characteristics of the MD and LD 
runners as classified in this study. 
H. S. Sodhi and L. S. Sidhu (1984) stated that in case of the 
middle and long distance, the use of aerobic power increases with the 
increasing distance of the event. The performance mainly depends on 
much muscular effort, unlike the sprinters. Since the force applied on 
the lower limbs depends upon the utilization of oxygen in the muscles 
throughout the period of running. Under these circumstances, the 
athlete run at some cruising speed without putting the pace to maximal. 
The natural greater length of the lower extremities will help to provide 
them with the greater stride. Therefore those athletes, who are 
endowed with proportionally longer lower extremities, have an additional 
advantage. 
J. De Ridderet al. (1998) conducted a study on world-class male 
African middle, long distance and marathon runners with the purpose of 
determining the body composition and somatotypes. The subjects were 
part of the 398 male athletes who were measured during the sixth All 
African Games held in Harare, Zimbabwe in September 1995. A total of 
16 MD (800 m &1500 m), 16 LD (3000 m, 5000 m) and 16 M runners 
(N = 49) with a mean age of 25.6 years were measured and the majority 
of these distance runners were black (91.8%). The anthropometrical 
variables and techniques selected were primarily those as described by 
Carter & Ackland (1994). Data analysis was performed using Statistica 
5.0 (Stat Soft, Inc. 1984-1996). A one-way analysis of variance 
procedure (ANOVA) and the Tukey HSD test were used for all 
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comparisons. The level of significance was set at p < .05. The M 
runners were significantly older than both the MD and LD runners. The 
MD runners were significantly heavier and taller than the LD and M 
runners. As far as body composition was concerned, there 
were no significant differences in sum of 6 skin folds 
(MD = 33.3mm, LD = 37.7mm, M = 32.6mm), percentage body fat 
(MD = 6.6%, LD = 7.3%, M = 7.5%) or percentage skeleton 
(MD = 14.1%, LD = 14.1%, M = 14.7%) between the groups. The LD 
runners had significantly less percentage muscle (53.9%) than the MD 
(58.7%) and M (57.5%) runners. The mean somatotypes were 
1.4-3.4-4.2, 1.6-2.9-4.3, 1.4-3.9-3.9, for MD, LD and M runners 
respectively, with the overall mean 1.5-3.5-4. There were significant 
differences (p <. 05) by event group between the mean somatotypes as 
well as the means of the mesomorphic component where the LD 
runners were significantly lower in mesomorphy than the M runners. 
Craig Is, Morgan Dw. (1998) studied relationship between 800 m 
running performance and accumulated oxygen deficit in middle-distance 
runners. The purpose of this study was to determine whether there is a 
significant relationship between accumulated oxygen deficit (AOD) and 
800 m running performance in a group of runners of homogeneous 
ability. METHODS: Nine well-trained male middle and long distance 
runners (age = 24.7 +/- 4.5 yr., body mass = 69.4 +/- 8.5 kg, 
VO2 max = 64.8 +/- 4.5 ml.kg'Vmin'^) underwent treadmill testing to 
determine maximum oxygen uptake (VO2 max), running economy (RE) 
at 1% and 10.5% treadmill gradient, and AOD at 1% and 10.5% 
treadmill gradient; 800 m running performance was determined by time 
trials on an outdoor 440 yd track for which the average time was 
132 +/- 4 seconds. For the AOD test, subjects were required to run on 
the treadmill at supramaximal speeds until volitional exhaustion. The 
AOD value was calculated using linear (LIN) and curvilinear (CUR) 
extrapolation procedures. RESULTS: Mean AOD values using LIN and 
CUR were 45.0 +/- 6.9 and 59.3 +/- 10.1 ml.kg'^ at a 10.5% treadmill 
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gradient and 63.2 +/- 10.6 and 93.6 +/- 19.7 ml.kg'^ at a 10.5% gradient 
respectively. No significant relationship was found between 800 m run 
time and AOD at 1% gradient or 10.5% gradient or when AOD was 
estimated from a linear or curvilinear fit of the VO2 data. Other variables 
measured in this study (e.g., VO2 max and running economy) were not 
found to be predictive of 800 m run time. CONCLUSION: Among a 
homogeneous group of well-trained male middle and long-distance 
runners, AOD measured at a 1% and 10.5% treadmill gradient is not 
significantly related to 800 m running performance. 
Carter (1970) found Heath rated 34 white Olympic, all category 
runners to be uniformly low in the first component. The 800/1500 m 
runners were half a unit higher on mesomorphy than 5000/10000 m 
runners and marathon runners, whereas the 5000/10000 m were half a 
unit higher on the third component than the other two groups. 
Kohlrausch (1929) studied the athletes who participated in the 
1928 Olympic Games at Amsterdam. He discovered that the best 
sprinters in the world were 142.3 Lb in weight and 67.9 inches in height, 
with a weight/height index of 2.17 and a vital capacity of 4300 cc as 
average measurements. The 400 meters runners were slightly taller 
(69.2 inches), slightly heavier (143.7 Lb.), and more linear (2.10) with 
vital capacity of 4500 cc. The middle distance runners' averaged 
146.7 Lb in weight, 58.9 inches in height, 2.19 for body built and 
4800 cc as the vital capacity. The long distance runners' averaged 
132.7 Lb in weight, 66.8 inches tall, 2.10 for body built and 4300 cc the 
vital capacity. Jumpers were found to be tall with long legs and quicker. 
Vaulters, hurdlers and middle distance runners were quite similar in 
built. 
Bemies (1900) demonstrated similar trends as the results of the 
study of five outstanding track athletes. The runners and jumper were 
found to be 2 inches above average in height and with the arm reach an 
inch longer, with longer legs and also with the lower leg an inch longer 
than other persons of the same height, the calf and thigh averaged 
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smaller and the hip an inch narrower. He suggested that these leg 
proportions gave a quick acting upper leg and a long reach with the 
lower. 
Eliben (1972) studied 125 women athletes at European athletic 
championship. He found that in each anthropometrical character the 
sprinters had small dimensions than all other women athletes. Their 
small stature was mainly due to their short trunk. The lower extremities 
especially their thighs were long as compared with the trunk. The 
development of their width was moderate, the upper extremities less 
muscular, the lower limbs, especially the lower legs, were strong with 
well-developed muscles. As regards to the proportion of the lower 
extremities the relatively long legs and shorter thigh were 
characteristics of them. Their extremities were muscular especially the 
lower legs. 
R. Mokha and L. S. Sidhu (1988) carried out a study on Indian 
athletes of different levels of competitions. Six skin fold measurements 
(biceps, triceps, forearm, sub scapular, supra-iliac and calf) were made 
on 157 track and field athletes (42 throwers, 35 jumpers and 80 
runners) the range of ability of the athletes ranged from state (highest 
level) through inter-varsity to district (lowest level). 81 subjects acted as 
controls. Total body fat was calculated by the formula of Durnin & 
Womersley (1974), it was found that the throwers possessed 
significantly more fat of all the six measurement parameters than the 
jumpers and runners. The jumpers and runners did not differ much from 
each other. With the increasing levels of competition, a trend of 
increasing In fat was observed in throwers and a decrease in jumpers 
and runners. 
Svedenhag J, Sjodin B. (1985) studied physiological 
characteristics of elite male runners in and out of season. The seasonal 
variation in physiological characteristics of elite male runners was 
studied. Five middle distance (mean age 21 yrs) and 5 long distance 
runners (23 yrs), all members of the Swedish national track and field 
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team, participated in treadmill tests on 4 occasions over a period of one 
year; in January, in May, during the highly competitive summer period 
and the following January. The maximal oxygen uptake (VO2 max, ml. 
kg"\min'^) increased successively during the season and was 
significantly (p < 0.01) higher during the summer than in the winter (74.2 
to 77.4 ml.kg'Vmin"^). From the competitive summer period to the 
second winter the VO2 max (ml.kg'Vmin"^) showed a significant 
decrease. The absolute value of VO2 max (1/min) was not significantly 
changed during this one-year period. However, running economy was 
evaluated from oxygen uptake determinations at 15 km/h (VO2 15) and 
20 km/h (VO2 20). Slightly lower values of VO2 15 and VO2 20 were 
noted during the season, and after one year VO2 20 was significantly 
decreased. Such an improvement in running economy with time was 
also found in a larger group of elite runners (n = 16) when determined 
from an average of 7 treadmill tests. The running velocity corresponding 
to a blood lactate concentration of 4 m mol/l increased from January to 
the summer season. The blood lactate concentration after exhaustion 
(VO2 max test) increased significantly from January to May. 
Maldonado S, Mujika I, Padilla S. (2002) studied influence of 
body mass and height on the energy cost of running in highly trained 
middle and long-distance runners. Previous studies about the influence 
of body dimensions on running economy did not compare athletes 
specialized in different competition events. Therefore, the purpose of 
the present study was to assess the influence of body mass (bm) and 
height (h) on the energy cost of running (Cr) in 38 highly trained male 
runners, specialized in either marathon (M, n = 12), long 
middle-distance (5000 -10000 m, LMD, n = 14) or short middle-distance 
(800 - 1500 m, SMD, n = 12), and to assess possible differences in 
body dimensions for each event. Subjects performed a progressive 
maximal exercise on the treadmill to determine oxygen uptake VO2 at 
different sub maximal velocities and maximal oxygen uptake VO2 max. 
Cr was calculated from VO2 measurements. LMD runners had 
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significantly higher mean Cr (0.192 +/- 0.007, 0.182 +/- 0.009, and 
0.180 +/- 0.009 O2 ml.kg'\m"^ for LMD, M and SIVID, respectively) & 
VO2 max (74.1 +/- 3.7, 68.5 +/- 2.9 and 69.7 +/- 3.4 ml.kg-^ min"^). Cr 
correlated with h (r = -0.86, p < 0.001) and m (b) (r = -0.77, p < 0.01) 
only in the SMD group. In conclusion, these data suggest that highly 
trained distance runners tend to show counterbalancing profiles of 
running economy and VO2 max (the higher Cr, the higher VO2 max and 
vice versa), and that anthropometrical characteristics related with good 
performance are different in long-distance and middle-distance events. 
J. De Rider et. al. (1998) carried out a study on world-class 
female African athletes. Data were collected on 178 female athletes 
with a mean age of 21.7 years. The athletes were from 18 countries 
with Zimbabwe (n = 45), South Africa (n = 38), Namibia (n = 25), 
Botswana (n = 24) and Zaire (n = 10) having many more subjects. The 
majority of the subjects were black (65.7%) with Caucasians (29.8%) 
the second largest group. Females from 11 different sports were 
measured with track and field (n = 52), netball (n = 48), swimming 
(n = 15) and handball (n = 14) the sports with the many competitors, the 
anthropometrical variables and techniques selected were primarily 
those described in Carter and Ackland (1994). Data analysis was 
performed using Statistica 5.0 (Stat Soft, Inc. 1984-1996). 
Heath - Carter somatotypes were calculated using equations in Carter 
and Heath (1990). Endomorphy was calculated with a height correction. 
Results indicate that the average Somatotype for the female athletes 
(n = 178) was 3.3-3.6-2.8, that was a central Somatotype with slightly 
more mesomorphy and endomorphy than ectomorphy. The 
four-Somatotype categories, to the left of center on the somato-chart (in 
which endomorphy and mesomorphy combinations were high and 
ectomorphy was low) accounted for 40.5% of all female athletes. 
Another 33.1% were in the central and balanced mesomorphy 
categories and 26.4% were to the right of the center in ecto-
mesomorphy through balanced mesomorphy categories. Finally, none 
of the female athletes were in the lower sector of the somato-chart 
where mesomorphy was lower than both endomorphy and ectomorphy. 
Somatotype comparisons were made of female athletes in each of the 
11 sports by event or by playing position and performance level. 
Differences in somatotypes were found between events or positions 
within sport categories. There was for example a significant difference 
between track and field athletes in the 9 different events in the 
endomorphic (F = 7.19; p < 0.05), the mesomorphic (F = 5.42; p < 0.05) 
as well as the ectomorphic (F = 4.10; p < 0.05) components. 
Telka and his associates (1951) studied 245 top ranking track 
and field athletes and wrestlers. They did not find any appreciable 
differences with respect to constitution among the athlete of different 
branches, except in certain extreme groups. However, they found them 
different from the control sample. They stated that material body build of 
a definite type did not appear to be a necessary prerequisite to the 
achievement of good athletic results. However during 1954, the same 
workers again reported the top ranking track and field athletes and 
related various body measurements to performance. Throwers were 
tallest in this material and they seemed also to benefit most from their 
height. The correlation between the relative shoulder breadth (with 
stature) and performance was significant in throwers and long distance 
runners. The correlation between the relative shoulder breadth (with 
stature) and performance was negative and highly significant in the 
case of the throwers. The correlation between the relative chest 
circumference (with stature) and performance was negative and highly 
significant in the case of sprinters and positive and significant in case of 
throwers. 
IVlaliiotra et al. (1972) carried out a study to determine the body 
composition of Indian throwers, jumpers, sprinters, middle and long 
distance runners. The trackmen and jumpers were found to have a 
higher lean body mass with less fat content than the throwers who were 
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tall and heavily built. The jumpers and throwers had stronger muscle 
power; however, the taller were strong in arm and shoulder strength. 
Amar (1920) pointed out that people of small stature were 
relatively strong and quicker as compared with the taller ones, because 
the weight decreases in proportion to the cube of size, whereas the 
force decreases in proportion to the square of size, being approximately 
proportional to the cross-section of the muscle. Short heavyset people 
are remarkable strong and good weight lifters. The "grasshopper" type 
with relatively long legs (particularly fore legs) marks good jumper, 
runners, vaulters and hurdlers. 
Tom Ecker (1985) stated that human running permit the body to 
float in the air between strides, with both feet off the ground 
approximately half the time. Thus the runners' strides can be 
considerably longer than the length of the legs. In theory, an increase in 
either stride length or stride frequency will increase a runner's speed. 
However, each of these factors has such an effect on the other that 
there are times when increasing one reduces the other enough to 
produce a slower speed. There is the direct relationship between leg 
length and both stride length and stride frequency. A sprinter with short 
legs has naturally shorter strides, which brings the foot back to the 
ground sooner if the stride was longer. Generally, the shorter the leg, 
the shorter the stride and the slower the frequency. 
T. Ackland, et. al. (1998) carried out a study to determine the 
body morphological components of the triathlon. Competitors from 11 
nations (n = 87, but 71 with complete data included in this analysis) 
were measured on a battery of anthropometrical dimensions prior to 
competition. The sample included elite males and females, as well as 
junior competitors who all raced over the same course and distance and 
under the same rules. Standardized measurement technique was used. 
All variables were measured on the right side of the body and the 
median score for skin folds (triple measures), or mean score for other 
variables (duplicate measures) were recorded. Bivariate Pearson 
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correlation was performed separately for males (n = 41) and females 
(n = 30) subjects. For both genders, total time (TT) correlated more 
highly (p < 0.01) with cycle time (53% of TT) and run time (30% of TT), 
than swim time (17% of TT). Male triathletes who possessed an 
ectomorphic shape, with a large chest breadth and a high proportional 
thigh length, were advantaged. However, performance times were 
negatively influenced by high levels of adiposity (p < 0.01) and other 
measurements of body bulk such as hips and thigh girths (p < 0.05). 
Successful female triathletes showed similar characteristics to the 
males, being advantaged by factors pointing to a linear physique 
(greater arm span, proportional arm and hand lengths (p < 0.05) and 
with large chest girths (p < 0.1). Those athletes having greater adiposity 
(p < 0.01), or greater thigh and hip girth (p < 0.05), did not perform as 
well. 
M. S. Chauhan (1987) carried out a study on prediction of 
performance of university level throwers in relation to their 
anthropometrical measurements. The findings of that study led to 
certain conclusions. Age, body weight, height, sitting height, trunk 
length, leg length, fore-leg length, thigh length, total arm length, upper 
and fore-arm length, all have positive and significant correlation with 
performance of university level throwers. The circumferences i.e. 
shoulder chest, abdomen, hip, arm and thigh circumferences have 
significant and positive correlation with the throwing performance. 
Biacromial, bicristal and elbow diameters possess positive and 
significant correlation with the performance in throwing event. Among 
skin fold measurements (biceps, sub scapular, suprailiac and calfskin 
fold) have positive and significant correlation with performance in 
throwing event. Body density and lean body mass have negative and 
significant but fat percent and fat weight had positive and significant 
correlation with throwing performance. Multiple correlations of body 
weight, height and total arm length collectively have significant 
correlation with the throwing performance. The size of multiple 
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correlations is quite sufficient and hence the regression equation can be 
used for the prediction of throwing performance of university level 
throwers. 
Parvez Shamim (2002) carried out a study to ascertain the 
difference in physical and physiological characteristics of high and low 
performance basketball players and found that the high performance 
basketball players had greater weight, height, sitting height, femur 
biepic condyle diameter, humerus biepic condyle diameter, shoulder 
width, hip width, upper arm length, thigh length, lower leg length, biceps 
muscle girth, calf muscle girth and hip width - stature index than low 
performance basketball players. High performance basketball players 
had more mesomorphic - ectomorphic rating and have better segmental 
proportionality than low performance basketball players. There was no 
significant difference in ponderal index, thigh length - lower leg length 
index, upper arm length - lower leg length index and shoulder width -
stature index of high and low performance basketball players. High 
performance basketball players had lower heart rate and greater vital 
capacity than low performance basketball players. However there was 
no significant difference in systolic and diastolic blood pressure of high 
and low performance basketball players. 
Sidhu and Wadhan (1974) carried out a study on footballers who 
were found to be of average height with larger trunks and smaller lower 
extremities than the controls. They also had more of lean tissues in the 
extremities than the taller. Among the Indian national footballers, the 
forward halves and backs were quite similar to one another. They were 
shorter than the stoppers and goalkeepers (sodhi and sidhu, 1984). The 
forwards and halves in the national level football players were bigger 
than their counterpart in the university level football players, but the 
backs of the former were shorter than those of the taller. The stoppers 
and goalkeepers in the two groups did not differ appreciably from each 
other. The forwards in the university level and national level football had 
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shorter lower extremities in relation to upper extremities. They also 
possessed broader knees in proportion to elbows. 
AH players in university level and national level football 
possessed better developed tissue in the thigh in relation to that in the 
upper arm and possessed less of body fat than the control groups, the 
body fat was found to be greater in the case of state level football 
players. 
Malhotra et al. (1973) studied 24 top-ranking Indian hockey 
players. The mean age, height and weight were found to be 23.8 years, 
172.5 cm and 62.9 kg respectively. They studied these parameters in 
relation to the field position of the players in the game. Backs were 
found to be the tallest followed in a descending order by the halves 
backs, forwards and goalkeepers. However in respect of weight, the 
forwards were lightest and the backs heaviest. The forwards had the 
minimum percentage of body fat, which increased gradually towards the 
halves, backs and goalkeepers. 
E. Orvanova (1990) conducted a study to find out the differences 
in body structure between young and adult weight lifter in ten weight 
classes, and between weight lifters and non-athletes. Weightlifters in 
younger age groups differed from the adult one in the parameter, which 
were correlated with performance results. Weight lifter differed from 
non-athletes according to weight classes. In lower weight classes, lifter 
had smaller height, shorter length and width measurements and the 
values increased with weight class. But weight lifters in all weight 
classes had shorter thighs and forearms and greater arm girths. The 
length of thighs and forearms can be used as important factors for 
talent selection. 
D. Vujovic and V. Lozovina (1999) examined the differences 
between two groups of elite athletes' anthropometric measurements. 
The groups were from sports of water polo and rowing. Subject was 
measured with set of 18 anthropometrical measurements. Multivariate 
analyses on manifest measurements as well as on score on latent 
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dimensions were employed to analyze the differences between the 
groups. Differences were based on differences in measurements, which 
can be attributed to muscle tissues and fat tissues, which were both in 
favour of water polo players. There were no differences in 
measurements of skeleton except for the measurements of bi-cristal 
width and legs length. Different training procedures and different 
surroundings in which activities were taking place caused the 
differences. No, differences in skeleton measurements were the 
consequence of the selection process. 
Svedenhag J, Sjodin B. (1980) studied body-mass-modified 
running economy and step length in elite male middle and long distance 
runners. The purpose of this study was to minimize the influence of 
body mass on oxygen uptake (VO2) during running. Sub maximal and 
maximal VO2 should preferentially be expressed as ml.kg'\min"\ In this 
study, the levels of such body-mass-modified running economy were 
investigated at different velocities in elite runners and related to step 
lengths and anthropometrical measures. Twenty-six Swedish National 
Team middle and long-distance runners performed sub maximal (4 
velocities) and maximal treadmill tests. In 17 runners repeated (2-4) 
tests were performed within 6 months. The maximal oxygen uptake 
(VO2 max; 214 vs. 202 ml.kg"\min'^) and running velocity at 4 m mol.l"^ 
blood lactate were higher in the long (n = 12) than in the middle 
distance group (n = 14). The oxygen uptake at 15 km.h"'' (VO2 15) was 
lower (129 vs. 138 ml.kg"\min'\ p < 0.01) and the V02/velocity slope 
higher in the long-distance runners, with similar VO2 18 in the two 
groups. Step lengths at 18 (168 vs. 173 cm) and 15 km.h"'' did not differ 
significantly between the groups, but the increase in step length per 
km.h"^ velocity lengths at these velocities were positively related to body 
mass and stature, negatively to relative leg length. Stature and leg 
length were greater in runners displaying low VO2 15, whereas no 
corresponding difference was seen for VO2 18. The figures for running 
economy at 15 and 18 km.h''' were poorly related to the concomitantly 
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determined step lengths at the respective velocities. 
Morgan Dw, Daniels Jt. (1994) studied relationship between VO2 
max and the aerobic demand of running in elite distance runners. The 
purpose of this study was to assess the relationship between VO2 max 
and the aerobic demand of running (VO2 sub max) in elite distance 
runners. On at least one occasion, VO2 max and VO2 sub max values 
were obtained on 22 male subjects (mean age = 27 +/- 2 yrs; mean 
height = 178.6 +/- 6.8 cm; mean body mass = 64.1 +/- 5.6 kg; mean 10 
km run time = 28.89 +/- 1.05 min) training for the 1994 Olympic Trials. 
Subjects performed 6 min, sub maximal level-grade treadmill runs at 
four speeds (ranging from 4.47 to 5.50 m.s'^) to determine VO2 sub 
max. VO2 during each run was calculated by analyzing a 2 min gas 
sample collected during the last 2 min of running. These values were 
expressed relation to distance traveled and averaged to derive an 
overall VO2 sub max value. Shortly following these sub maximal runs, 
VO2 max was measured. When more than one set of VO2 sub max and 
VO2 max data was available for a particular subject, the average of all 
tests was used. Results indicated that mean VO2 max and VO2 sub max 
values were 75.8 +/- 3.4 ml.kg'^min"^ and 184.6 +/- 8.6 ml.kg'^km"'"' 
respectively. Correlation analyses also revealed a significant 
relationship (r = 0.59; p < 0.01) between VO2 max and VO2 sub max. 
These data suggest that among similarly performing elite distance 
runners, a positive relationship exists between VO2 max and the aerobic 
demand of running. 
Millet Gp, Dreano P, Bentley Dj. (2003) studied physiological 
characteristics of elite short and long-distance triathletes. The purpose 
of this study was to compare the physiological responses in cycling and 
running of elite short-distance (ShD) and long-distance (LD) triathletes. 
Fifteen elite male triathletes participating in the World Championships 
were divided into two groups (ShD and LD) and performed in a 
laboratory trial that comprised sub maximal treadmill running, maximal 
then sub maximal ergometry cycling and then an additional sub maximal 
run. ShD demonstrated a significantly faster swim time than LD 
whereas VO2 max (ml.kg"\min"''), cycling economy (W.l"'' min-1), peak 
power output (.W (peak), W) and ventilator threshold (%. VO2 max) 
were all similar between ShD and LD. Moreover, there were no 
differences between the two groups in the change (%) in running 
economy from the first to the second running. But swimming time was 
correlated to W (peak) (r = 0.76; P < 0.05) and economy (r = 0.89; 
P < 0.01) in the ShD athletes. Also, cycling time in the triathlon was 
correlated to W (peak) (r = 0.83; P < 0.05) in LD. In conclusion, ShD 
triathletes had a faster swimming time but did not exhibit different 
maximal or sub maximal physiological characteristics measured in 
cycling and running than LD triathletes. 
Sjodin B, Svedenhag J. (1992) studied oxygen uptake during 
running as related to body mass in circumpubertal boys: a longitudinal 
study. The purpose of this study was to investigate the effect of 
endurance training on physiological characteristics during 
circumpubertal growth; eight young runners (mean starting age 12 
years) were studied every 6 months for 8 years. Four other boys served 
as untrained controls. Oxygen uptake (VO2) and blood lactate 
concentrations were measured during sub maximal and maximal 
treadmill running. The data were aligned with each individual's age of 
peak height velocity. The maximal oxygen uptake (VO2 max; ml.kg"\ 
min"^) decreased with growth in the untrained group but remained 
almost constant in the training group. The oxygen cost of running at 
15 km.h"^ (VO2 15 ml.kg"^min'^) was persistently lower in the trained 
group but decreased similarly with age in both groups. The 
development of VO2 max and VO2 15 l.min"^ was related to each 
individual's increase in body mass so that power functions were 
obtained. The mean body mass-scaling factor was 0.78 (SEM 0.07) and 
1.01 (SEM 0.04) for VO2 max and 0.75 (SEM 0.09) and 0.75 (SEM 0.02) 
for VO2 15 in the untrained and trained groups, respectively. Therefore, 
expressed as ml.kg'\min'\ VO2 15 was unchanged in both groups and 
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V02 max increased only in the trained group. The running velocity 
corresponding to 4 m mol 1"^  of blood lactate (nu Ia4) Increased only in 
the trained group. Blood lactate concentration at exhaustion remained 
constant in both groups over the years studied. In conclusion, recent 
and the present findings would suggest that changes in the oxygen cost 
of running and VO2 max (ml.kg"\min"^) during growth may mainly be 
due to an overestimation of the body mass dependency of VO2 during 
running. 
Billat V, Binsse V, Petit B, Koralsztein Jp. (1998) concluded that 
high level runners are able to maintain a VO2 steady state below VO2 
max in an all-out run over their critical velocity. During prolonged and 
intense running exercises beyond the critical power level, a VO2 slow 
component elevates VO2 above predicted VO2 work rates calculated 
from exercise performed at intensities below the lactate threshold. In 
such cases, the actual VO2 value will increase over time until it reaches 
VO2 max. The aims of the present study were to examine whether the 
VO2 slow component is a major determinant of VO2 over time when 
running at a speed beyond critical velocity, and whether the exhaustion 
latency period at such intensity correlates with the magnitude of the VO2 
slow component. Fourteen highly trained long-distance runners 
performed four exhaustive runs, each separated by one week of light 
training. VO2 and the velocity at VO2 max were determined for each by 
a graded treadmill exercise. The critical velocity (86.1 +/- 1.5% v VO2 
max) of each runner was calculated from exhaustive treadmill runs at 
90, 100 and 105% of v VO2 max. During supra-critical velocity runs at 
90% of V VO2 max, there was no significant rise in VO2 max (20.9 +/- 2.1 
ml min"^ kg'^ between the third and last min of tlim 90), such that the 
runners reached a VO2 steady-state, but did not reach their v VO2 max 
level over time (69.5 +/- 5.0 Vs 74.9 +/- 3.0 ml min'^ kg"^). Thus, 
subjects' time to exhaustion at 90% of v VO2 max was not correlated 
with the VO2 max slow component (r = 0.11, P = 0.69), but significantly 
correlated with the lactate threshold (r = 0.54, P = 0.04) and the critical 
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velocity (% v VO2 max; r = 0.65, P = 0.01). In conclusion, the present 
study demonstrates that for highly trained long-distance runners 
performing exhaustive, supra-critical velocity runs at 90% of v VO2 max, 
there was not a VO2 slow component tardily completing the rise of VO2. 
Instead, runners would maintain a VO2 steady state below VO2 max, 
such that the time to exhaustion at 90% of v VO2 max for these runners 
is positively correlated with the critical velocity expressed as % of v VO2 
max result in lower perception of difficulty and HR throughout the test 
and shorter testing times. 
Mckenzie Dc, Parkhouse Ws, Hearst We. (1982) studied 
anaerobic performance characteristics of elite Canadian 800 meter 
runners. Physiological and biochemical profiles of six elite Canadian 
800 meter runners are presented. Anthropometrical data was recorded. 
Aerobic capacity was assessed on a treadmill run to fatigue; the initial 
treadmill velocity was 2.22 m.s'^  increasing by 0.22 m.s"^  each minute. 
VO2 max was determined by the mean of the four highest consecutive 
15 second values. The Anaerobic Speed Test (AST) (20 degrees 
incline, 3.52 m.s'^  to fatigue) was used to assess anaerobic 
performance characteristics. Two-minute post AST blood samples were 
analyzed for lactate. Needle biopsies were obtained at rest from the 
vastus lateralis muscle. The muscle fibers were classified and a 
homogenate of the muscle was used in the determination of buffering 
capacity. These are young athletes with a low percentage body fat. The 
mean VO2 max was 63.6 +/- 2.9 ml.kg"\min"\ The anaerobic capacity is 
striking with the mean AST time of 114.3 +/•• 16.3 seconds and post-
AST lactate values of 22.0 +/- 1.4 m mol.r\ The skeletal muscle 
buffering capacity was elevated above normal by 50% indicating an 
enhanced capability of resisting changes in intracellular pH, which may 
affect performance. 
Moreira-Da-Costa M, Russo Ak, Picarro Ic, Silva Ac, Leite-De-
Barros-Neto T, Tarasantchi J, Barbosa As. (1984) studied maximal 
oxygen uptake during exercise using trained or untrained muscles. 
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Maximal oxygen uptake, VO2 max, was determined for cyclists, long-
distance runners and non-athletes during uphill running (treadmill) and 
cycling (cycloergometer) to compare trained and untrained muscles. 
Blood lactate, maximal heart rate and maximal ventilation during work 
were also measured. VO2 max was higher for runners and non-athletes 
during exercise on the treadmill and higher for cyclists during exercise 
on the cycloergometer. For runners and non-athletes, maximal heart 
rate accompanied the increase in VO2 max, whereas similar values 
were obtained for cyclists on both ergometers. Maximal ventilation 
during work accompanied the difference in VO2 max in both groups of 
athletes but among non-athletes. It was similar during exercise on both 
the cycloergometer and the treadmill. Blood lactate was similar during 
exercise on both ergometers for all groups. These results suggest that 
the quantitative effects of training on cardiovascular and respiratory 
functions may only be properly evaluated by using an ergometer, which 
requires an activity similar to that usually performed by the subjects. 
Cycle riding may possibly induce significant and specific alterations in 
the muscles involved in the exercise, thus increasing peripheral O2 
uptake even after stabilization of maximal cardiac output, whereas 
running may well induce an improvement of all factors, which are 
responsible for aerobic work power. 
Marti B, Howald H. (1990) studied 15-yr changes in physical 
training, subcutaneous fat and maximal oxygen consumption (VO2 max) 
in former elite male athletes (27 long-distance runners and 9 
bobsledders) and in a control group of 23 normal men. In 1973, elite 
athletes all trained vigorously, whereas in 1988 there was a great inter 
individual variation in physical training. In the lowest tertile of runners' 
training activity in 1988 (n = 9), the rate of decline in VO2 max during the 
15 yr was 1.11 +/- 0.15 (SE) ml.kg"\min"\yr'\ or 16% per decade, 
whereas the most active quintile of runners (n = 5) tended to increase 
VO2 max (NS). The remaining 13 runners showed a rate of decline in 
VO2 max of 0.54 +/- 0.14 ml.kg"\min"\yr"\ or 7% per decade. The rates 
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of decline were 0.22 +/- 0.12 and 0.56 +/- 0.10 ml.kg"''. min"\yr"\ or 5 
and 11% per decade, in bobsledders and controls, respectively. When 
normalized for lean body mass instead of body weight, VO2 max 
showed a reduced variability in the rate of decline, with values ranging 
from 0.00 +/- 0.27 (most active runners) to 0.69 +/- 0.15 ml.kg lean 
body mass"\min'\yr'^ (least active runners). In multiple linear 
regression analysis, 15 yrs changes in mileage, running pace, and 
truncal fat together explained 51% of variance in the 15 yrs change of 
VO2 max normalized for body weight in runners and 4 1 % in all study 
men. In runners, change in truncal fat was dependent on changes in 
both mileage and running pace. In the presence of physical training and 
anthropometrical variables in the regression equation, the 15 yr 
decrease in maximum heart rate was only modestly predictive of the 
change in V02max. 
Bosch An, Goslin Br, Noakes Td, Dennis Sc. (1990) studied 
physiological differences between black and white runners during a 
treadmill marathon. They measured maximum oxygen consumption 
(VO2 max), maximum workload during a VO2 max test (L max), 
ventilation threshold (VThr), running economy, inspiratory ventilation 
(VI), tidal volume (VT), breathing frequency (f) and respiratory exchange 
ratio (RER) in sub-elite black and white runners matched for best 
standard 42.195 km. During maximal treadmill testing, the black runners 
achieved a significantly lower (P < 0.05) Lmax (17 km.h'\ 2% grade, vs 
17 km.h"\ 4% grade) and VI max (6.21 vs 6.82 l.kg-^'^ min'''), which was 
the result of a lower VT (101 vs 119 ml kg" '^^  breath"'') as f max was the 
same in both groups. The lower VT in the black runners was probably 
due to their smaller body size. The VThr occurred at higher percentage 
VO2 max in black than in white runners (82.7%, SD 7.7% vs 75.6%, SD 
6.2% respectively) but there were no differences in the VO2 max. 
However, during a 42.195 km marathon run on a treadmill, the black 
athletes ran at the higher percentage VO2 max (76%, SD 7.9% vs 68%, 
SD 5.3%), RER (0.96, SD 0.07 vs 0.91, SD 0.04) and f (56 breaths 
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min'^, SD 11 vs 47 breaths min-1, SD 10), and at lower VT (78 ml kg"^ ^^  
breath'\ SD 15 vs 85 ml kg" '^^  breath"\ SD 19). The combination of 
higher f and lower VT resulted in an identical VI. 
Maughan Rj, Leiper Jb. (1983) studied aerobic capacity and 
fractional utilization of aerobic capacity in elite and non-elite male and 
female marathon runners. The physiology of marathon running has 
been extensively studied both in the laboratory and in the field, but 
these investigations have been confined to elite competitors. In the 
present study of 28 competitors who took part in a marathon race 
(42.195 km) have been studied; 18 male subjects recorded times from 2 
h 19 min 58 s to 4 h 53 min 23 s; 10 female subjects recorded times 
between 2 h 53 min 4 s and 5 h 16 min 1 s. Subjects visited the 
laboratory 2-3 weeks after the race and run on a motor driven treadmill 
at a series of speeds and inclines; oxygen uptake (VO2) was measured 
during running at average marathon racing pace. Maximum oxygen 
uptake (VO2 max) was measured during uphill running. For both males 
(r = 0.88) and females (r = 0.63), linear relationships were found to exist 
between marathon performance and aerobic capacity. Similarly, the 
fraction of VO2 max, which was sustained throughout the race, was 
significantly correlated with performance for both male (r = 0.74) and 
female (r = 0.73) runners. The fastest runners were running at a speed 
requiring approximately 75% of VO2 max; for the slowest runners, the 
workload corresponded to approximately 60% of VO2 max. Correction of 
these estimates for the additional effort involved in overcoming air 
resistance and in running on uneven terrain will substantially increase 
the oxygen requirement for the faster runners, while having a much 
smaller effect on the work rate of the slowest competitors. Five minutes 
of treadmill running at average racing pace at zero gradients did not 
result in marked elevation of the blood lactate concentration in any of 
the subjects. 
Billet V, Demarle A, Paiva M, Koralsztein Jp. (2002) studied 
effect of training on the physiological factors of performance in elite 
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marathon runners (males and females). This study examined the effect 
of 8 weeks of specific marathon training before the Olympic trials on the 
physiological factors of the marathon performance in top-class 
marathon runners. Five males and four females, age 34 +/- 6 yr (+/- SD) 
with a marathon performance time of 2 h 11 min 40 s +/- 2 min 27 s for 
males and 2 h 35 min 34 s +/- 2 min 54 s for females, performed one 
test taken and two weeks before the trials. Between this period they 
trained weekly 180 +/- 27 km and 155 +/- 19 km with 11 +1-1 and 
7 +/-0% of this distance at velocity over 10000 m for males and 
females, respectively. The purpose of this test was to determine in real 
conditions i. e. on level road: VO2 peak, the energy cost has running 
and the fractional utilization of VO2 peak at the marathon velocity (v 
Marathon). They run 10 km at the speed of their personal best 
marathon performance on a level road and after a rest of 6 min they run 
an all-out 1000 m run. VO2 peak increased after the 8 weeks of pre-
competitive training (66.3 +/- 9.2 vs 69.9 +/- 9.4 ml.min"\kg'\ p = 0.01). 
Moreover, since the oxygen cost of running at v Marathon did not 
change after this training, the fractional utilization (F) of VO2 peak 
during the 10 km run at v Marathon decreased significantly after training 
(94.6 +/- 6.2% VO2 peak vs 90.3 +/- 9.5% VO2 peak, p = 0.04). The high 
intensity of pre-competitive training increased VO2 peak and did not 
change the running economy at v Marathon and decreased the 
fractional utilization of VO2 peak at v Marathon. 
Pate Rr, Macera Ca, Bailey Sp, Bartoli Wp, Powell Ke. (2003) 
studied physiological, anthropometrical and training correlates of 
running economy. Potential physiological, anthropometrical and training 
determinants of running economy (RE) were studied in a heterogeneous 
group of habitual distance runners (N = 188, 119 males, 69 females). 
RE was measured as VO2 (ml.kg"\min'^) during level treadmill running 
at 161 m.min"^ (6 mph) (VO2 -6). Examined as potential determinants of 
RE were heart rate and ventilation while running at 6 mph (HR6, VE6), 
VO2 max (ml.kg'^min"''), % fat, age, gender, height, weight, estimated 
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leg mass, typical training pace, training volume and sit-and-reach test 
performance. RE was entered as the dependent variable and the 
potential determinants as independent variables in zero-order 
correlation and multiple regression analyses. Zero-order correlation 
analysis found VO2 max, HR6 and VE6 to be significantly, positively 
correlated with VO2 -6 (P < 0.001). Multiple regression analysis, in 
which the independent effect of each predictor variable was examined, 
revealed VO2 -6 to be positively correlated with VO2 max (P < 0.001), 
HR6 (P < 0.001), VEe (P < 0.001), and age (P < 0.05) and negatively 
correlated with weight (P < 0.01). These findings indicate that, in a 
diverse group of runners, better RE (VO2 -6) is associated with lower 
VO2 max, lower sub maximal exercise VE and HR, lower age and 
greater weight. 
Yoshida T, Udo M, Iwai K, Yamaguchi T. (1993) studied 
physiological characteristics related to endurance running performance 
in female distance runners. The purpose of the present study was to 
determine the relationships between running velocity (v) in a 3000 m 
race and various physiological parameters. The parameters measured 
among 57 female distance runners during a treadmill running test were 
V at the lactate threshold (v-Tlac), oxygen uptake (VO2) at the lactate 
threshold (VO2 at TIac), v at the onset of blood lactate accumulation 
(v-OBLA), VO2 at OBLA, running economy (steady-state VO2 at a 
standard v of 4 m s'^), maximal oxygen uptake (VO2 max) and v at VO2 
max (V-VO2 max). The v-OBLA was the blood lactate variable with the 
strongest correlation with v in a 3000 m race (r = 0.78, P < 0.001). The 
second strongest correlation was with v-Tlac (r = 0.77, P < 0.001). 
Although V-VO2 max was strongly correlated with v over 3000 m 
(r = 0.75, P < 0.001), further analysis by stepwise multiple regression 
indicated that a combination of v-OBLA, VO2 at TIac and v-Tlac could 
account for 73.2% of the variability in v over 3000 m, whereas v-OBLA 
on its own explained 61.5%. Blood lactate variables can account for a 
reasonably large part of the variance in v over 3000 m. Also, V-VO2 max 
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can be used as a non-invasive predictor of distance running 
performance. 
Brisswalter J, Legros P, Durand M. (1996) studied running 
economy, preferred step length correlated to body dimensions in elite 
middle distance runners. Cardio respiratory function in competitive 
endurance runners aged 12-16 years compared with ordinary boys. The 
purpose of this research was to study the relationship between running 
economy, step length and body dimensions. Elite middle distance 
runners were tested for one high sub maximal velocity very close to 
usual training speeds, near the anaerobic threshold (15 km.h'^) and one 
low sub maximal velocity very different to usual training speeds, near 
the speed transition between walking and running (9 km.h"''). All the 
subjects were selected after a maximal protocol to be homogeneous on 
VO2 max (65.7 +/- 2.3 ml.kg'\min'^). Then they were monitored during 
two sub maximal tread-mill tests at 54.4 +/- 2.2% (9 km.h''') and 
78.5 +/-3.9% VO2 max (15 km.h'^). Body weight, body fat, height, sitting 
height, low extremity length (height - sitting height), relative low 
extremity length, leg length, thigh length and foot length were 
determined. The results indicate an effect of the running speed on the 
relationship between body dimensions, step length and VO2. The 
relation was inverse between running economy, body dimensions at 9 
and 15 km.h'^ and no significant correlation was found for running 
economy between these two speeds. Furthermore, the mode of 
expressing VO2 in ml. kg'^min"^ affects these relations. Thus, this 
result allows us to make the assumption that mechanisms of adaptation 
can be different according to the running speed and the specific 
constraints that it represents for each subject. 
Sundberg S, Elovainio R. (1982) studied cardio respiratory 
function in competitive endurance runners aged 12-16 years compared 
with ordinary boys. Thirty-four male elite endurance runners aged 12-16 
years and 56 ordinary boys of the same age were studied in cross 
sectional age groups. At the age of 12-14 years, there were only a few 
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differences between the runners and the controls: the runners who 
weighted less, were leaner and had higher VO2 max/kg body weight. 
The runners' good competitive performance could not be explained by a 
superior aerobic power at that age. In the age group of 16 year-olds, 
additional major differences were found: significantly higher VO2 max 
(4.05 1/min, 66 ml/min/kg), W170 (214 W, 3.5 W/kg), vital capacity (5.31 
I), maximal expiratory volume (153 1/min), lower resting heart rate (62 
beats/min) and larger heart volume (792 ml and 453 ml/m2 BSA) in the 
runners. In this respect our runners resembled adult endurance 
athletes. No differences could be observed in any age group with regard 
to height, hemoglobin concentration, blood pressure and maximal heart 
rate. The differences at the age of 16 years are either training effects or 
due to a selection of certain "endurance runner types". 
After reviewing the literature one reaches to the conclusion that 
all the sports scientists of the world are engaged in specific research 
aiming to enhance the sports performance. Either it is anthropometrical 
or any other sports science, the aim is to generate some ideas and 
principles, which must be helpful for breaking the existing barriers of 
sports performance. The present study is a step in this direction. 
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CHAPTEEMII 
PEOCEDUEE 
PROCEDURE 
Review of related literature had given us appropriates guidance 
in adopting an objective method of assessing the difference in physical 
and physiological characteristics of middle and long distance runners. In 
this chapter the selection of subjects, criterion measures, tools and 
techniques used in collecting data and statistical method applied for its 
interpretation are described. 
SELECTION OF SUBJECTS: 
For the purpose of the study 50 Indian elite male middle and long 
distance runners were selected from 
> India camp held at Patiala - Data of 7 athletes of 800 m runners, 
9 athletes of 1500 - 5000 m runners and 10 athletes of 5000 -
10000 m runners were collected from 14"" May to 24*'' May 2005. 
> All India Inter-varsity, held at Ranchi - Data of 3 placeholder 
athletes of 800 m runners, 4 placeholder (1 athlete of previous 
year) athletes of 1500 - 5000 m runners and 4 placeholder (1 
athlete of previous year) athletes of 5000 - 10000 m runners 
were collected from 25'^ Jan to f ' Feb 2004. 
> Lucknow and Allahabad sports hostel - Data of 4 athletes of 800 
m runners, 4 athletes of 1500 - 5000 m runners and 5 athletes of 
5000 - 10000 m runners were collected from 24'*" June to 30"" 
June 2005. 
SAMPLE: 
For the purpose of this study three sample groups were formed. 
1st group comprises of 14 elite 800 m runners, 2nci group comprises of 
17 elite 1500 - 5000 m runners and 3rd group comprises of 19 elite 
5000- 10000 m runners. 
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CRITERION MEASURES AND COLLECTION OF DATA: 
Recording the variables as given below shall consist data in the 
form of various criterion measures selected for the study. 
(A) PHYSICAL VARIABLES: 
(1) Weight In Kg. 
The subjects were examined in clothing of known weight in 
order to record nude weight with the help of weighing machine. 
(2) Height in cm. 
(a) Standing height: 
Stature was taken as the maximum distance from the point 
vertex on the head to the ground. Subject was made to stand 
erect with heels together and arms hanging naturally by the side 
and head in the Frankfort plane, along a wall on which was fixed 
a measuring tape. 
(b) Sitting height: 
The subject was made to sit on the stool with his legs 
hanging down freely. The subject was asked to stretch his back 
as far as possible and to hold his head upright so that Frankfort 
plane becomes horizontal. Gentle upward pressure was applied 
to the mastoid processes. The muscle of the thigh and buttock 
were contracted in order to stretch him full. The horizontal bar of 
the anthropometer rod was brought down so that it touched the 
highest point on the head. The distance between anthropometric 
rod and the highest point of the stool was measured. 
3. Length in cm. 
(a) Upper arm length: 
The subject was made to stand erect with arms hanging 
down normally with the palm of right hand directed towards thigh. 
Inferior border of the acromion process and the external superior 
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border of the head of radius were marked. The distance between 
these two points was measured with the help of measuring tape 
and the value was taken. 
(b) Fore arm length: 
The subject was made to stand with arms hanging down 
normally. Radial and dactylion were marked on the right hand. 
The distance between these two points was measured with the 
help of measuring tape. 
(c) Thigh length: 
The subject was made to stand erect with weight equally 
distributed on both legs. Trochanterion and tibial lateral of the 
right leg were marked. The distance between these two points 
was measured with the help of measuring tape. 
(d) Lower leg length: 
The subject was made to stand erect with weight equally 
distributed on both legs. Tibial of the right leg was marked. The 
distance between tibial and floor was measured with the help of 
measuring tape. 
4. Breadth in cm. 
(a) Shoulder breadth: 
The measurement was taken of the distance between the 
most lateral points on the acromion process, when the subject 
was standing erect with the arms hanging loosely at the side. 
Sliding caliper was applied from behind the subject, so that 
branch of caliper was at an angle of 45 from the horizontal plane. 
(b) Hip breadth: 
The subject was made to stand erect with sliding caliper 
applied from behind the subject, so that the branches of sliding 
caliper were at the most lateral points on the superior border of 
the iliac crests. 
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5. Diameters in cm. 
(a) Humerus biepic condyle diameter: 
The subject's right arm was raised forward to the 
horizontal and the forearm flexed to right angle at elbow. The 
distance between medial and lateral epicondyle of the humerus 
was measured with the help of Vernier caliper and the value was 
recorded. 
(b) Femur biepic condyle diameter: 
The subject was made to sit on a stool and the right leg 
was flexed at the knee to form a right angle with thigh. The 
distance between medial and lateral epicondyle of the femur was 
measured with the help of Vernier caliper and the value was 
recorded. 
6. Muscles girth in cm. 
(a) Biceps muscle girth: 
The subject was made to raise his right arm to the 
horizontal position in the sagittal plane with the fully supinated 
forearm flexed at the elbow to an angle of 45. The subject was 
encouraged to 'Make a muscle' by fully tensing his biceps. The 
measurement was taken with the help of measuring tape 
wrapped at right angles to the long axis of the upper arm where 
the maximum girth was affected. 
(b) Calf muscle girth: 
The subject was made to stand erect with body weight 
equally supported on both legs. The measuring tape was 
wrapped around the right lower leg and measurement was taken 
at right angles to the axis of lower leg where it was maximal. 
7. Skin folds measurements in mm. 
(a) Triceps skin fold: 
The mid acromiale-radiale line on the posterior surface of 
the right arm was marked and the skin fold about one centimeter 
above marked level was picked up and jaws of the calipers were 
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applied to the fold and after waiting for 2 to 3 seconds the 
reading was taken. One more reading was taken in the same way 
and average of the two was the final score. 
(b) Sub scapular skin fold: 
A point below the right scapula was marked. The skin fold 
about one centimeter below marked level was picked up and jaws 
of the caliper were applied to the fold and after waiting for 2 to 3 
seconds the reading was taken. One more reading was taken by 
the same procedure and average of the two was the final score. 
(c) Supraillum skin fold: 
A point was marked on a slightly diagonal fold on the crest 
of the ilium at the midaxillary level, the skin fold about 2 to 5 
centimeter above marked level was picked up and jaws of the 
caliper were applied to the fold after waiting for 2 to 3 seconds 
the reading was taken. One more reading was taken by the same 
procedure and average of the two was considered as the final 
score. 
(d) Calf skin fold: 
The subject was made to sit on chair with knees bend at 
right angles. Medial side of the right calf, slightly above the level 
of the maximum girth was marked. The skin fold above the 
marked level was picked up and jaws of the caliper were applied 
to the fold. After waiting for 2 to 3 seconds the reading was 
taken. One more reading was taken by the same procedure and 
average of the two was considered as the final score. 
(e) Thigh skin fold: 
The subject was made to stand erect. Medial side of the 
right thigh, slightly above the level of the maximum girth was 
marked. The skin fold above the marked level was picked up and 
jaws of the caliper were applied to the fold. After waiting for 2 to 3 
seconds the reading was taken. One more reading was taken by 
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the same procedure and average of the two was considered as 
the final score. 
8. Somatotype in gradings. 
Heath Carter (1984) method was applied to determine 
somatotype of subjects. 
(a) Endomorphy: 
- 0,7182 + 0.1451* ZSF - 0.00068* ISF^ +0.0000014* ISF^ 
[Where SF = sum of triceps, sub scapular and suprailim skin 
folds multiplied by (170.18/height in centimeter)] 
(b) Mesomorphy: 
0.858 * humerus breadth + 0.601 * femur breadth + 0.188 * 
corrected arm girth + 0.161 * corrected calf girth - height * 0.131 
+ 4.5 
(Subtract the triceps skin fold and calf skin fold from the arm girth 
and calf girth, respectively). 
(c) Ectomorphy: 
Ectomorphy was determined by comparing the HWR ratio with 
following underlined values. 
HWR= ^^^Sthincm 
iJWeight in Kg 
> If HWR is greater than or equal to 40.75 than 
ectomorphy = 0.732 * HWR - 28.58 
> If HWR is less then 40.75 and greater than 38.25 then 
ectomorphy = 0.463 * HWR - 17.68 
> If HWR is equal to or less than 38.25 than ectomorphy = 0.1 
9. Proportionality in ratings. 
The following indices were used to determine various body 
proportions. 
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(i) Sitting height-Stature index ='^'"'"^^^'^^^ xlOO 
Stature 
.... p, , , . , Stature 
(ii) Pondera! index = —, 
3.^Weight 
(iii) Thigh length-Lower leg length index = ^"^ x lOO 
Lower leg length 
Upper arm length 
(iv) Upper arm length-Lower arm length index = —^ —x 100 
Lower arm length 
(v) Hip breadth-Stature index = - '^ —^xlOO 
Stature 
, , „, , . , Shoulder breadth , ^ „ (vi) Shoulder breadth-Stature index = x 100 
Stature 
(B) PHYSIOLOGICAL VARIABLES: 
(1) Heart rate In beats/min. 
The morning resting heart rate of the subject was taken. The 
subject was made to sit in the resting position and asked to semi-
pronate his forearm and slightly flex the wrist. Three fingertips 
were placed on the radial artery at the lateral border of the wrist 
and the pulse was counted for one minute with the help of 
stopwatch two reading were taken and there average was held to 
be final score. 
(2) Vital capacity in cm^ 
Subject was made to sit in resting position. He was asked 
to take a force full inhalation. Than the mouth piece of Spiro 
meter was put in between his lips. After this he was asked to do a 
force full exhalation in to the mouth piece of Spiro meter. The 
reading was noted of two efforts and there average was held to 
be final score. 
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TOOLS: 
The following instruments were used to collect the relevant data. 
(1) Weighing machine 
(2) Stadiometer 
(3) Sitting height table 
(4) Steel measuring tape 
(5) Sliding caliper 
(6) Skin fold caliper 
(7) Stop watch 
(8) Spirometer etc. 
The instruments were of standard quality; their accuracy was 
ensured by the manufacturer. International society for the advancement 
of Kinanthropometry's (ISAK) approved techniques were used for 
recording the various body measurements. The reliability was checked 
by test- retest methods and average co-efficient was found to be 0.96. 
STATISTICAL PROCEDURE: 
Reiterating the objective of the study we have to point out that we 
intend to investigate the differences in physical and physiological 
parameters of elite 800, 1500 - 5000 and 5000 -10000 m runners of 
India for that the one way analysis of variance was used. Where 
significant differences were observed Scheffe's test was used to find 
out the ascending or descending order of means. 
LEVEL OF SIGNIFICANCE: 
The significance of differences in physical and physiological 
parameters of elite middle and long distance runners was tested at 0.05 
level. 
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CHAPTEE-lV 
AHA] T^/ C^/ OF DATA AID 
Discussion OF FI1DI16S 
ANALYSIS OF DATA AND DISCUSSION OF 
FINDINGS 
In this chapter analysis of data along with discussion of findings 
for each of the chosen variables of Indian male elite middle and long 
distance runners is presented. The one way analysis of variance test 
was used to test the significant differences among the chosen physical 
and physiological variables of Indian elite male middle and long 
distance runners. Where significant differences were observed scheffe's 
test was used to compare the means. 
Results obtained through analysis of variance and scheffe's test 
for weight are produced below. 
Table -1 
Source of 
variation 
Treatment 
Error 
Degrees of 
freedom (DF) 
Number of 
groups 
(R) - 1 = 2 
Sample size 
(N) - R = 47 
Sum of 
squares (SS) 
1097.54 
517.04 
Mean sum of 
squares 
(MSS) 
548.77 
11 
F-Value 
49.89* 
* Significant at .05 level 
Tab. F.05(2, 47) = 3.20 
Since calculated F value 49.89 is greater than tabulated F value 
3.20, we are able to conclude that significant difference exists in the 
mean weight of three groups. Hence our Ho is accepted at 0.05 level of 
significance. Further to find out which group is greater than the other we 
had applied scheffe's test, the analysis pertaining to this is given in 
table: 2 
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Table - 2 
Comparison of mean weight of different runner groups. 
Runner groups 
800 m 
63.29 
63.29 
1500-5000 m 
53.12 
53.12 
5000-10000 m 
52.63 
52.63 
Mean 
difference 
10.17* 
10.66* 
0.49 
Critical 
difference 
(CD) at 5% 
level 
3.03 
2.95 
2.80 
*Significant at 5% level 
Comparing the pair w/ise mean difference with the critical 
difference, it is evident that the mean weight of 800 m runners is 
significantly greater than the mean weight of 1500 - 5000 m and 5000 -
10000 m runners whereas there is no significant difference between the 
mean weight of 1500 - 5000 m and 5000 - 10000 m runners. 
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800 m 1500-5000 m 5000-10000 
runners runners m runners 
Fig. 1: Mean weight of elite 800,1500 - 5000 and 5000 -
10000 m runners of India. 
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Results obtained through analysis of variance and scheffe's test 
for stature are produced below. 
Table - 3 
Source of 
variation 
Treatment 
Error 
DF 
R - 1 =2 
N - R = 47 
SS 
741.42 
777.81 
MSS 
370.71 
16.55 
F-Value 
22.40* 
* Significant at .05 level 
Tab. F 05 (2, 47) = 3.20 
Since calculated F value 22.40 is greater than tabulated F value 
3.20, we are able to conclude that significant difference exists in the 
mean stature of three groups. Hence our Ho is accepted at .05 level of 
significance. Further to find out which group is greater than the other we 
had applied scheffe's test, the analysis pertaining to this is given in 
table: 4 
Table - 4 
Comparison of mean stature of different runner groups. 
Runner groups 
800 m 
176.79 
176.79 
1500-5000 m 
168.88 
168.88 
5000-10000 m 
167.74 
167.74 
Mean 
difference 
7.91* 
9.05* 
1.15 
CD at 5% 
level 
3.71 
3.62 
3.44 
* Significant at 5% level 
Comparing the pair wise mean difference with the critical 
difference, it is evident that the mean stature of 800 m runners is 
significantly greater than 1500 - 5000 m and 5000 - 10000 m runners 
whereas there is no significant difference between the mean stature of 
1500 - 5000 m and 5000 - 10000 m runners. 
47 
E 
o 
180 
160 
140 
120 
100-
_ 
% 
, > w I 
^ I 
1 * * 1^ 
'^  •!• 
** ^1 
•1 " iiv H 
'^ 1 
1 
-YI 
<f' ^^  H 
'"'^1 r ^M H 
• 9 
'^1 
' 1 
"1 4 1 H 
' H 
_:*>*• 
^1 
'»^ • 
. /-"^I 
-' 1 ^ ' '"i"^! 
^^r%l 
^,jf ' ' ^ M I 
•* s T * **• 
k:|"'*^  
F ^ ^^ ^ 
^ Am •* 
It 
If ,^ '^ 
p , • J ' ' 1^  l4 
m -
1 " **;% 
|i'>*'' 
|5i' -~^ 
Tl4 li^Vil 
If "Sf.^ .^ 
i,-s> * 
IL' ''•" 
•• •, I 4. i« 
If/I, /^ -
\ ^ ' '••="• 
M ^ t * •" 1 . '•f 1 T If i*;'f^ 1 • ->C'-
1 1' | r -
I ' i'* • « <! °» (^  ' H^ V 
1 t^ • 
800 m 1500-5000 5000-10000 
runners m runners m runners 
Fig. 2: Mean stature of elite 800,1500 - 5000 and 5000 -
10000 m runners of India. 
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Results obtained through analysis of variance and scheffe's test 
for sitting height are produced below. 
Table - 5 
Source of 
variation 
Treatment 
Error 
DF 
R - 1 =2 
N - R = 47 
SS 
33.30 
166.48 
MSS 
16.65 
3.54 
F-Value 
4.70* 
* Significant at .05 level 
Tab. F.o5(2, 47) = 3.20 
Since calculated F value 4.70 is greater than tabulated F value 
3.20, we are able to conclude that significant difference exists in the 
mean sitting height of three groups. Hence our Ho is accepted at .05 
level of significance. Further to find out which group is greater than the 
other we had applied scheffe's test, the analysis pertaining to this is 
given in table: 6 
Table - 6 
Comparison of mean sitting height of different runner groups. 
Runner groups 
800 m 
87.50 
87.50 
1500-5000 m 
86.47 
86.47 
5000-10000 m 
85.47 
85.47 
Mean 
difference 
1.03 
2.03* 
1.00 
CD at 
5% level 
1.72 
1.68 
1.59 
* Significant at 5% level 
Comparing the pair wise mean difference with the critical difference, 
it is evident that the mean sitting height of 800 m runners is significantly 
greater than 5000 - 10000 m runners whereas there is no significant 
difference between the mean sitting height of 800 m and 1500 - 5000 m 
runners and also between 1500 - 5000 m and 5000 - 10000 m runners. 
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Fig. 3: Mean sitting height of elite 800, 1500 - 5000 and 
5000 - 10000 m runners of India. 
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Results obtained through analysis of variance and scheffe's test 
for shoulder breadth are produced below. 
Table - 7 
Source of 
variation 
Treatment 
Error 
DF 
R - 1 =2 
N - R = 47 
SS 
34.26 
136.16 
MSS 
17.13 
2.89 
F-Value 
5.93* 
* Significant at .05 level 
Tab. F.o5(2, 47) = 3.20 
Since calculated F value 5.93 is greater than tabulated F value 
3.20, \Ne are able to conclude that significant difference exists in the 
mean shoulder breadth of three groups. Hence our Ho is accepted at .05 
level of significance. Further to find out which group is greater than the 
other we had applied scheffe's test, the analysis pertaining to this is 
given in table: 8 
Table: 8 
Comparison of mean shoulder breadth of different runner groups. 
Runner groups 
800 m 
39.79 
39.79 
1500-5000 m 
38.41 
38.41 
5000-10000 m 
37.74 
37.74 
Mean 
difference 
1.38 
2.05* 
0.67 
CD at 
5% level 
1.55 
1.51 
1.44 
* Significant at 5% level 
Comparing the pair wise mean difference with the critical difference, 
it is evident that the mean shoulder breadth of 800 m runners is 
significantly greater than 5000 - 10000 m runners whereas there is no 
significant difference between the mean shoulder breadth of 800 m and 
1500 - 5000 m runners and also between 1500 - 5000 m and 5000 -
10000 m runners. 
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Fig. 4: Mean shoulder breadth of elite 800,1500 - 5000 and 
5000 - 10000 m runners of India. 
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Results obtained through analysis of variance and scheffe's test 
for hip breadth are produced below. 
Table - 9 
Source of 
variation 
Treatment 
Error 
' Siqnificant at .0 
DF 
R - 1 =2 
N - R = 47 
5 level 
SS 
79.63 
90.79 
MSS 
39.82 
1.93 
F-Value 
20.63* 
Tab. F,o5(2, 47) = 3.20 
Since calculated F value 20.63 is greater than tabulated F value 
3.20, we are able to conclude that significant difference exists in the 
mean hip breadth of three groups. Hence our Ho is accepted at .05 level 
of significance. Further to find out which group is greater than the other 
we had applied scheffe's test, the analysis pertaining to this is given in 
table: 10 
Table: 10 
Comparison of mean hip breadth of different runner groups. 
Runner groups 
800 m 
32.43 
32.43 
* Siqnifican 
1500-5000 m 
30.06 
30.06 
t at 5% level 
5000-10000 m 
29.37 
29.37 
Mean 
difference 
2.37* 
3.06* 
0.69 
CD at 
5% level 
1.27 
1.24 
1.17 
Comparing the pair wise mean difference with the critical 
difference, it is evident that the mean hip breadth'of 800 m runners is 
significantly greater than 1500 - 5000 m and 5000 - 10000 m runners 
whereas there is no significant difference between the mean hip breadth 
of 1500 - 5000 m and 5000 - 10000 m runners. 
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Fig. 5: Mean hip breadth of elite 800,1500 - 5000 and 5000 
-10000 m runners of India. 
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Results obtained through analysis of variance and scheffe's test 
for upper arm length are produced below. 
Table-11 
Source of 
variation 
DF SS MSS F - Value 
Treatment R - 1 =2 123.43 61.72 38.09* 
-TTT*-
Error N - R = 47 76.19 1.62 /'v 
1^ 7- \ * Significant at .05 level i ^ 
Tab. F 05 (2, 47) = 3.20 V > 
Since calculated F value 38.09 is greater than^tabulated -F vafue^y 
3.20, we are able to conclude that significant difference exists^rfthe 
mean upper arm length of three groups. Hence our Ho is accepted at 
.05 level of significance. Further to find out which group is greater than 
the other we had applied scheffe's test, the analysis pertaining to this is 
given in table; 12 
Table: 12 
Comparison of mean upper arm length of different runner groups. 
/ / 
Runner groups 
800 m 
34.36 
34.36 
* Siqnifican 
1500-5000 m 
32.53 
32.53 
t at 5% level 
5000-10000 m 
30.47 
30.47 
Mean 
difference 
1.83* 
3.89* 
2.06* 
CD at 5% 
level 
1.16 
1.14 
1.08 
Comparing the pair wise mean difference with the critical 
difference, it is evident that the mean upper arm length of 800 m 
runners is significantly greater than 1500 - 5000 m and 5000 - 10000 m 
runners and also the mean upper arm length of 1500 - 5000 m runners 
is significantly greater than 5000 - 10000 m runners. 
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Fig. 6: Mean upper arm length of elite 800,1500 - 5000 and 
5000 - 10000 m runners of India. 
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Results obtained through analysis of variance and scheffe's test 
for fore arm length are produced below. 
Table: 13 
Source of 
variation 
Treatment 
Error 
DF 
R - 1 =2 
N - R = 47 
SS 
68.73 
154.59 
MSS 
34.37 
3.28 
F - Value 
10.48* 
* Significant at .05 level 
Tab. F.o5(2, 47) = 3.20 
Since calculated F value 10.48 is greater than tabulated F value 
3.20, we are able to conclude that significant difference exists in the 
mean fore arm length of three groups. Hence our Ho is accepted at .05 
level of significance. Further to find out which group is greater than the 
other we had applied scheffe's test, the analysis pertaining to this is 
given in table: 14 
Table: 14 
Comparison of mean fore arm length of different runner groups. 
Runner groups 
800 m 
29.29 
29.29 
1500-5000 m 
27 
27 
5000-10000 m 
26.47 
26.47 
Mean 
difference 
2.29* 
2.82* 
0.53 
CD at 5% 
level 
1.65 
1.61 
1.53 
* Significant at 5% level 
Comparing the pair wise mean difference with the critical 
difference, it is evident that the mean fore arm length of 800 m runners 
is significantly greater than 1500 - 5000 m and 5000 - 10000 m runners 
whereas there is no significant difference between the mean fore arm 
length of 1500 - 5000 m and 5000 - 10000 m runners. 
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Fig. 7: Mean fore arm length of elite 800,1500 - 5000 and 
5000 - 10000 m runners of India. 
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Results obtained through analysis of variance and scheffe's test 
for thigh length are produced below. 
Table-15 
Source of 
variation 
Treatment 
Error 
DF 
R - 1 =2 
N - R = 47 
SS 
264.98 
288.30 
MSS 
132,49 
6.13 
F - Value 
21.61* 
* Significant at .05 level 
Tab. F 05 (2, 47) = 3.20 
Since calculated F value 21.61 is greater than tabulated F value 
3.20, we are able to conclude that significant difference exists in the 
mean thigh length of three groups. Hence our Ho is accepted at .05 
level of significance. Further to find out which group is greater than the 
other we had applied scheffe's test, the analysis pertaining to this is 
given in table: 16 
Table: 16 
Comparison of mean thigh length of different runner groups. 
Runner groups 
800 m 
48.57 
48.57 
1500-5000 m 
43.47 
43.47 
5000-10000 m 
43.42 
43.42 
Mean 
difference 
5.10* 
5.15* 
0.05 
CD at 5% 
level 
2.26 
2.21 
2.09 
* Significant at 5% level 
Comparing the pair wise mean difference with the critical 
difference, it is evident that the mean thigh length of 800 m runners is 
significantly greater than 1500 - 5000 m and 5000 - 10000 m runners 
whereas there is no significant difference between the mean thigh 
length of 1500 - 5000 m and 5000 - 10000 m runners. 
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Fig. 8: Mean thigh length of elite 800,1500 - 5000 and 
5000 - 10000 m runners of India. 
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Results obtained through analysis of variance and scheffe's test 
for lower leg length are produced below. 
Table-17 
Source of 
variation 
Treatment 
Error 
DF 
R - 1 =2 
N - R = 47 
SS 
171.72 
157.16 
MSS 
85.86 
3.34 
F - Value 
25.69* 
* Significant at .05 level 
Tab, F.o5(2, 47) = 3.20 
Since calculated F value 25.69 is greater than tabulated F value 
3.20, v\/e are able to conclude that significant difference exists in the 
mean lower leg length of three groups. Hence our Ho is accepted at .05 
level of significance. Further to find out which group is greater than the 
other we had applied scheffe's test, the analysis pertaining to this is 
given in table: 18 
Table: 18 
Comparison of mean lower leg length of different runner groups. 
Runner groups 
800 m 
49.93 
49.93 
1500-5000 m 
47.41 
47.41 
5000-10000 m 
45.32 
45.32 
Mean 
difference 
2.52* 
4.62* 
2.09* 
CD at 5% 
level 
1.67 
1.63 
1.54 
* Significant at 5% level 
Comparing the pair wise mean difference with the critical 
difference, it is evident that the mean lower leg length of 800 m runners 
is significantly greater than 1500 - 5000 m and 5000 - 10000 m runners 
and also the mean lower leg length of 1500 - 5000 m runners is 
significantly greater than 5000 - 10000 m runners. 
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Fig. 9: Mean lower leg length of elite 800,1500 - 5000 and 
5000 - 10000 m runners of India. 
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Results obtained through analysis of variance and scheffe's test 
for biceps muscles girth are produced below. 
Table-19 
Source of 
variation 
Treatment 
Error 
DF 
R - 1 =2 
N - R = 47 
SS 
94.43 
206.39 
MSS 
47.22 
4.39 
F - Value 
10.76* 
* Significant at .05 level 
Tab. F,o5(2, 47) = 3.20 
Since calculated F value 10.76 is greater than tabulated F value 
3.20, \Ne are able to conclude that significant difference exists in the 
mean biceps muscles girth of three groups. Hence our Ho is accepted at 
.05 level of significance. Further to find out which group is greater than 
the other we had applied scheffe's test, the analysis pertaining to this is 
given in table: 20 
Table: 20 
Comparison of mean biceps muscles girth of different runner groups. 
Runner groups 
800 m 
29 
29 
1500-5000 m 
27.12 
27.12 
5000-10000 m 
25.58 
25.58 
Mean 
difference 
1.88 
3.42* 
1.54 
CD at 5% 
level 
1.91 
1.87 
1.77 
* Significant at 5% level 
Comparing the pair wise mean difference with the critical difference, 
it is evident that the mean biceps muscles girth of 800 m runners is 
significantly greater than 5000 - 10000 m runners whereas there is no 
significant difference between the mean biceps muscles girth of 800 m and 
1500 - 5000 m runners and also between 1500 - 5000 m and 5000 -
10000 m runners. 
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Fig. 10: Mean biceps muscles girth of elite 800,1500 - 5000 
and 5000 - 10000 m runners of India. 
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Results obtained through analysis of variance and scheffe's test 
for calf muscles girth are produced below. 
Table: 21 
Source of 
variation 
Treatment 
Error 
DF 
R - 1 =2 
N - R = 47 
SS 
17.75 
84.33 
MSS 
8.88 
1.79 
F-Value 
4.96* 
* Significant at .05 level 
Tab. F,o5(2, 47) = 3.20 
Since calculated F value 4.96 is greater than tabulated F value 
3.20, vje are able to conclude that significant difference exists in the 
mean calf muscles girth of three groups. Hence our Ho is accepted at 
.05 level of significance. Further to find out which group is greater than 
the other we had applied scheffe's test, the analysis pertaining to this is 
given in table: 22 
Table: 22 
Comparison of mean calf muscles girth of different runner groups. 
Runner groups 
800 m 
33.85 
33.85 
1500-5000 m 
33.65 
33.65 
5000-10000 m 
32.53 
32.53 
Mean 
difference 
0.20 
1.32* 
1.12 
CD at 5% 
level 
1.22 
1.19 
1.13 
* Significant at 5% level 
Comparing the pair wise mean difference with the critical difference, 
it is evident that the mean calf muscles girth of 800 m runners is 
significantly greater than and 5000 - 10000 m runners whereas there is no 
significant difference between the mean calf muscles girth of 800 m and 
1500 - 5000 m runners and also between 1500 - 5000 m and 5000 -
10000 m runners. 
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Fig. 11: Mean calf muscles girth of elite 800, 1500 - 5000 
and 5000 - 10000 m runners of India. 
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Results obtained through analysis of variance and scheffe's test for 
sum of five skin fold are produced below. 
Table: 23 
Source of 
variation 
Treatment 
Error 
DF 
R - 1 =2 
N - R = 47 
SS 
11.74 
23.03 
MSS 
5.87 
0.49 
F - Value 
12.01* 
* Significant at .05 level 
Tab. F.o5(2, 47) = 3.20 
Since calculated F value 12.01 is greater than tabulated F value 
3.20, we are able to conclude that significant difference exists in the 
mean sum of five skin fold of three groups. Hence our Ho is accepted at 
.05 level of significance. Further to find out which group is greater than 
the other we had applied scheffe's test, the analysis pertaining to this is 
given in table: 24 
Table: 24 
Comparison of mean sum of five skin fold of different runner groups. 
Runner groups 
800 m 
5.57 
5.57 
1500-5000 m 
4.49 
4.49 
5000-10000 m 
4.48 
4.48 
Mean 
difference 
1.08* 
1.09* 
0.01 
CD at 5% 
level 
0.64 
0.62 
0.59 
* Significant at 5% level 
Comparing the pair wise mean difference with the critical 
difference, it is evident that the mean sum of five skin fold of 800 m 
runners is significantly greater than and 1500 - 5000 m and 5000 -
10000 m runners whereas there is no significant difference between the 
mean sum of five skin fold of 1500 - 5000 m and 5000 - 10000 m 
runners. 
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Fig. 12: Mean sum of five skin fold of elite 800,1500-5000 
and 5000 - 10000 m runners of India. 
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Results obtained through analysis of variance for humerus 
biepic condyle diameter are produced below. 
Table - 25 
Source of 
variation 
DF SS MSS F - Value 
Treatment R - 1 =2 0.77 0.39 1.77* 
Error N - R = 47 10.23 0.22 
* Not significant at .05 level 
Tab. F 05 (2, 47) = 3.20 
Since calculated F value 1.77 is lower than tabulated F value 
3.20, we are able to conclude that significant difference does not exist 
in the mean humerus biepic condyle diameter of three groups. Hence 
our Ho is rejected at .05 level of significance. 
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Fig. 13: Mean humerus biepic condyle diameter of elite 800, 
1500 - 5000 and 5000 - 10000 m runners of India. 
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Results obtained through analysis of variance for femur biepic 
condyle diameter are produced below. 
Table - 26 
Source of 
variation 
Treatment 
Error 
* Not significant al 
DF 
R - 1 =2 
N - R = 47 
t .05 level 
SS 
1.29 
10.95 
MSS 
0.64 
0.23 
F-Value 
2.76* 
Tab. F.o5(2, 47) = 3.20 
Since calculated F value 2.76 is lower than tabulated F value 
3,20, we are able to conclude that significant difference does not exist 
in the mean femur biepic condyle diameter of three groups. Hence our 
Ho is rejected at .05 level of significance. 
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Fig. 14: Mean femur biepic condyle diameter of elite 800, 
1500 - 5000 and 5000 - 10000 m runners of India. 
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Results obtained through analysis of variance and scheffe's test 
for endomorphic rating are produced below. 
Table: 27 
Source of 
variation 
Treatment 
Error 
DF 
R - 1 =2 
N - R = 47 
SS 
0.75 
4.74 
MSS 
0.38 
0.10 
F - Value 
3.71* 
* Significant at .05 level 
Tab. F.o5(2,47) = 3.20 
Since calculated F value 3.71 is greater than tabulated F value 
3.20, we are able to conclude that significant difference exists in the 
mean endomorphic rating of three groups. Hence our Ho is accepted at 
.05 level of significance. Further to find out which group is greater than 
the other we had applied scheffe's test, the analysis pertaining to this is 
given in table: 28 
Table: 28 
Comparison of mean endomorphic rating of different runner groups. 
Runner groups 
800 m 
1.42 
1.42 
1500-
1.18 
1.18 
- 5000 m 5000-
1.13 
1.13 
-10000 m 
Mean 
difference 
0.24 
0.29* 
0.05 
CD at 5% 
level 
0.29 
0.28 
0.27 
Significant at 5% level 
Comparing the pair wise mean difference with the critical 
difference, it is evident that the mean endomorphic rating of 800 m 
runners is significantly greater than 5000 - 10000 m runners whereas 
there is no difference between the mean endomorphic rating of 800 m 
and 1500 - 5000 m runners and also between 1500 - 5000 m and 5000 
- 10000 m runners. 
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Fig. 15: Mean endomorphic rating of elite 800,1500 - 5000 
and 5000 - 10000 m runners of India. 
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Results obtained through analysis of variance and scheffe's tests 
for mesomorphic rating are produced below. 
Table: 29 
Source of 
variation 
Treatment 
Error 
DF 
R - 1 =2 
N - R = 47 
SS 
24.06 
52.04 
MSS 
12.03 
1.11 
F - Value 
10.84* 
* Significant at .05 level 
Tab. F 05 (2, 47) = 3.20 
Since calculated F value 10.84 is greater than tabulated F value 
3.20, we are able to conclude that significant difference exists in the 
mean mesomorphic rating of three groups. Hence our Ho is accepted at 
.05 level of significance. Further to find out which group is greater than 
the other we had applied scheffe's test, the analysis pertaining to this is 
given in table: 30 
Table: 30 
Comparison of mean mesomorphic rating of different runner groups. 
Runner groups 
800 m 
3.52 
3.52 
1500-
2.98 
2.98 
- 5000 m 5000-
1.86 
1.86 
-10000 m 
Mean 
difference 
0.54 
1.66* 
1.12* 
CD at 5% 
level 
0.96 
0.94 
0.89 
* Significant at 5% level 
Comparing the pair wise mean difference with the critical 
difference, it is evident that the mean mesomorphic rating of 800 m 
runners is significantly greater than 5000 - 10000 m and also the mean 
mesomorphic rating of 1500 - 5000 m runners is significantly greater 
than 5000 - 10000 m runners. Whereas there is no significant 
difference between the mean mesomorphic rating of 800 m and 1500 -
5000 m runners. 
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Fig. 16: Mean mesomorphic rating of elite 800,1500 - 5000 
and 5000 - 10000 m runners of India. 
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Results obtained through analysis of variance for ectomorphic 
rating are produced below. 
Table - 31 
Source of 
variation 
Treatment 
Error 
* Not siqnificant a1 
DF 
R - 1 =2 
N - R = 47 
t .05 level 
SS 
1.07 
16.80 
MSS 
0.54 
0.36 
F-Value 
1.49* 
Tab. F.o5(2, 47) = 3.20 
Since calculated F value 1.49 is lower than tabulated F value 
3.20, we are able to conclude that the significant difference does not 
exist in the mean ectomorphic rating of three groups. Hence our Ho is 
rejected at .05 level of significance. 
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Fig. 17: Mean ectomorphic rating of elite 800,1500 - 5000 
and 5000 - 10000 m runners of India. 
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Results obtained through analysis of variance for sitting height • 
stature index are produced below. 
Table - 32 
Source of 
variation 
Treatment 
Error 
DF 
R - 1 =2 
N - R = 47 
SS 
5.54 
65.94 
MSS 
2.77 
1.40 
F - Value 
1.99* 
* Not Significant at .05 level 
Tab. F.o5(2, 47) = 3.20 
Since calculated F value 1.99 is lower than tabulated F value 
3.20, we are able to conclude that significant difference does not exist 
in the mean sitting height - stature index of three groups. Hence our Ho 
is rejected at .05 level of significance. 
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Fig. 18: Mean sitting height - stature index of elite 800, 
1500 -- 5000 and 5000 ~ 10000 m runners of India. 
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Results obtained through analysis of variance and scheffe's tests 
for ponderal index are produced below. 
Table - 33 
Source of 
variation 
Treatment 
Error 
DF 
R - 1 =2 
N - R = 47 
SS 
1.14 
1.76 
MSS 
0.57 
0.04 
F-Value 
14.25* 
* Significant at .05 level 
Tab. F 05 (2, 47) = 3.20 
Since calculated F value 14.25 is greater than tabulated F value 
3.20, we are able to conclude that significant difference exists in the 
mean ponderal index of three groups. Hence our Ho is accepted at .05 
level of significance. Further to find out which group is greater than the 
other we had applied scheffe's test, the analysis pertaining to this is 
given in table: 34 
Table: 34 
Comparison of mean ponderal index of different runner groups. 
Runner groups 
800 m 
7.42 
7.42 
1500-
7.74 
7.74 
- 5000 m 5000-
7.77 
7.77 
-10000 m 
Mean 
difference 
0.32* 
0.35* 
0.03 
CD at 5% 
level 
0.18 
0.18 
0.17 
* Significant at 5% level 
Comparing the pair wise mean difference with the critical difference, 
it is evident that the mean ponderal index of 1500 - 5000 m and 5000 -
10000 m runners is significantly greater than 800 m runners. Whereas 
there is no significant difference between the mean ponderal index of 1500 
- 5000 m and 5000 - 10000 m runners. 
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Fig. 19: Mean ponderal index of elite 800,1500 - 5000 and 
5000 - 10000 m runners of India. 
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Results obtained through analysis of variance and scheffe's test 
for thigh length - lower leg length index are produced below. 
Table - 35 
Source of 
variation 
Treatment 
Error 
DF 
R - 1 =2 
N - R = 47 
SS 
480.82 
506.91 
MSS 
240.41 
10.79 
F - Value 
22.28* 
* Significant at .05 level 
Tab. F,o5(2, 47) = 3.20 
Since calculated F value 22.28 is greater than tabulated F value 
3.20, we are able to conclude that significant difference exists in the 
mean thigh length - lower leg length index of three groups. Hence our 
Ho is accepted at .05 level of significance. Further to find out which 
group is greater than the other we had applied scheffe's test, the 
analysis pertaining to this is given in table: 36 
Table: 36 
Comparison of mean thigh length - lower leg length index of different runner groups. 
Runner groups 
800 m 
97.25 
97.25 
1500-5000 m 
91.15 
91.15 
5000-10000 m 
89.83 
89.83 
Mean 
difference 
6.10* 
7.42* 
1.32 
CD at 5% 
level 
2.99 
2.93 
2.77 
* Significant at 5% level 
Comparing the pair wise mean difference with the critical 
difference, it is evident that the mean thigh length - lower leg length 
index of 800 m runners is significantly greater than 1500 - 5000 m and 
5000 - 10000 m runners whereas there is no significant difference 
between the mean thigh length - lower leg length index of 1500 - 5000 
m and 5000 - 10000 m runners. 
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Fig. 20: Mean thigh length - lower leg length index of elite 
800,1500 - 5000 and 5000 - 10000 m runners of India. 
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Results obtained through analysis of variance for upper arm 
length - lower arm length index are produced below. 
Table - 37 
Source of 
variation 
Treatment 
Error 
* Not significant a1 
DF 
R - 1 =2 
N - R = 47 
t .05 level 
SS 
49.07 
390.86 
MSS 
24.54 
8.32 
F - Value 
2.95* 
Tab. F.o5(2, 47) = 3.20 
Since calculated F value 2.95 is lower than tabulated F value 
3.20, we are able to conclude that significant difference does not exist 
in the mean upper arm length - lower arm length index of three groups. 
Hence our Ho is rejected at .05 level of significance. 
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Fig. 21: Mean upper arm length - lower arm length index of 
elite 800,1500 - 5000 and 5000 - 10000 m runners of India. 
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Results obtained through analysis of variance and scheffe's test 
for hip breadth - stature index are produced below. 
Table - 38 
Source of 
variation 
Treatment 
Error 
DF 
R - 1 =2 
N - R = 47 
SS 
6.25 
15.88 
MSS 
3.13 
0.34 
F-Value 
9.25* 
* Significant at .05 level 
Tab. F 05 (2, 47) = 3.20 
Since calculated F value 9.25 is greater than tabulated F value 
3.20, we are able to conclude that significant difference exists in the 
mean hip breadth - stature index of three groups. Hence our HQ is 
accepted at .05 level of significance. Further to find out which group is 
greater than the other we had applied scheffe's test, the analysis 
pertaining to this is given in table: 39 
Table: 39 
Comparison of mean hip breadth - stature index of different runner 
groups. 
Runner groups 
800 m 
18.38 
18.38 
1500-5000 m 
17.80 
17.80 
5000-10000 m 
17.50 
17.50 
Mean 
difference 
0.58* 
0.88* 
0.30 
CD at 5% 
level 
0.53 
0.52 
0.49 
* Significant at 5% level 
Comparing the pair wise mean difference with the critical difference, 
it is evident that the mean hip breadth - stature index of 800 m runners is 
significantly greater than 1500 - 5000 m and 5000 - 10000 m runners 
whereas there is no significant difference between the mean hip breadth -
stature index of 1500 - 5000 m and 5000 - 10000 m runners. 
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Fig. 22: Mean hip breadth - stature index of elite 800,1500 
- 5000 and 5000 - 10000 m runners of India. 
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Results obtained through analysis of variance for shoulder 
breadth - stature index are produced below. 
Table - 40 
Source of 
variation 
Treatment 
Error 
* Not siqnificant a1 
DF 
R - 1 =2 
N - R = 47 
t .05 level 
SS 
0.90 
14.46 
MSS 
0.45 
0.31 
F-Value 
1.46* 
Tab. F.o5(2, 47) = 3.20 
Since calculated F value 1.46 is lower than tabulated F value 
3.20, we are able to conclude that significant difference does not exist 
in the mean shoulder breadth - stature index of three groups. Hence 
our Ho is rejected at .05 level of significance. 
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Fig. 23: Mean shoulder breadth - stature index of elite 800, 
1500 - 5000 and 5000 - 10000 m runners of India. 
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Results obtained through analysis of variance and scheffe's test 
for heart rate are produced below. 
Table - 41 
Source of 
variation 
Treatment 
Error 
DF 
R - 1 =2 
N - R = 47 
SS 
181.25 
329.98 
MSS 
90.62 
7.02 
F-Value 
12.91* 
* Significant at .05 level 
Tab. F.o5(2, 47) = 3.20 
Since calculated F value 12.91 is greater than tabulated F value 
3.20, we are able to conclude that significant difference exists in the 
mean heart rate of three groups. Hence our Ho is accepted at .05 level 
of significance. Further to find out which group is greater than the other 
we had applied scheffe's test, the analysis pertaining to this is given in 
table: 42 
Table: 42 
Comparison of mean heart rate of different runner groups. 
Runner groups 
800 m 
50.36 
50.36 
1500-5000 m 
46.53 
46.53 
5000-10000 m 
45.84 
45.84 
Mean 
difference 
3.83* 
4.52* 
0.69 
CD at 5% 
level 
2.42 
2.36 
2.24 
* Significant at 5% level 
Comparing the pair wise mean difference with the critical 
difference, it is evident that the mean heart rate of 800 m runners is 
significantly greater than 1500 - 5000 m and 5000 - 10000 m runners 
whereas there is no significant difference between the mean heart rate 
of 1500 - 5000 m and 5000 - 10000 m runners. 
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Fig. 24: Mean heart rate of elite 800,1500 - 5000 and 5000 
10000 m runners of India. 
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Results obtained through analysis of variance and scheffe's test 
for vital capacity are produced below. 
Table - 43 
Source of 
variation 
Treatment 
Error 
DF 
R - 1 =2 
N - R = 47 
SS 
682936.30 
4044263.70 
MSS 
341468.15 
86048.16 
F - Value 
3.97* 
* Significant at .05 level 
Tab. F.o5(2, 47) = 3.20 
Since calculated F value 3.97 is greater than tabulated F value 
3.20, we are able to conclude that significant difference exists in the 
mean vital capacity of three groups. Hence our Ho is accepted at .05 
level of significance. Further to find out which group is greater than the 
other we had applied scheffe's test, the analysis pertaining to this is 
given in table: 44 
Table: 44 
Comparison of mean vital capacity of different runner groups. 
Runner groups 
800 m 
5885.71 
5885.71 
1500-5000 m 
5711.76 
5711.76 
5000-10000 m 
5594.74 
5594.74 
Mean 
difference 
173.95 
290.97* 
117.02 
CD at 5% 
level 
267.74 
261.30 
247.67 
* Significant at 5% level 
Comparing the pair wise mean difference with the critical 
difference, it is evident that the mean vital capacity of 800 m runners is 
significantly greater than 5000 - 10000 m runners whereas there is no 
significant difference between the mean vital capacity of 800 m and 1500 -
5000 m runners and also between 1500 - 5000 m and 5000 - 10000 m 
runners. 
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Fig. 25: Mean vital capacity of elite 800,1500 - 5000 and 
5000 - 10000 m runners of India. 
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DISCUSSION OF FINDINGS 
Here we are discussing our findings in light of studies carried out 
by other researchers. We are also discussing the probable implications 
of the observed significant differences in the physical and physiological 
variables on the performance of studied groups. 
Weight: 
It is observed that the mean weight of 800 m runners is 
significantly greater than 1500 - 5000 m and 5000 - 10000 m runners. 
Whereas there is no significant difference between the mean weight of 
1500 - 5000 m and 5000 - 10000 m runners. 
Kohlrausch (1929) studied the athlete who participated in the 
1928 Olympic Games at Amsterdam. He also observed similar results 
that the middle distance runners' averaged weight was greater than the 
long distance runners. 
It will then become evident that long distance runners' weight will 
be lighter. On one hand this indicates the importance of a favorable 
weight strength ratio but on the other hand this shows that running 
performances depend mainly on the function of potentials and not so 
much on strength produced by actual muscle volume. 
The 800 m running in track and field is a typical example of short 
time endurance activity. This endurance ability is needed for cyclic 
activities lasting from about 45 seconds to 2 minutes. Short time 
endurance depends to a significant extent on speed endurance and 
strength endurance, which is affected by different factors. Composition 
of muscles and volume of muscles are two of them. Therefore greater 
weight of 800 m runners will provide better speed endurance and 
strength endurance for better performance in the competition. In long 
distance running, the sources of energy production (ATP) is through the 
break down mainly of carbohydrates and fats and rarely of protein. 
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Energy production through fat and protein is the cause of decrease in 
muscles thicl<ness. Therefore 1500-5000 m and 5000-10000 m runners 
mean weight is less in comparison of 800 m runners. 
Stature: 
It is observed that the mean stature of 800 m runners is 
significantly greater than 1500 - 5000 m and 5000 - 10000 m runners. 
Whereas there is no significant difference between the mean stature of 
1500 - 5000 m and 5000 - 10000 m runners. 
Gerhardt schmolinsky (1983) carried a similar study on the 
athletes who participated in the 1972 Munich, Germany Olympic Games 
and observed that the middle distance runners' averaged stature was 
greater than the long distance runners. 
In theory, an increase in either stride length or stride frequency 
will increase runners' speed. However each of these factors has such 
an effect on other that increasing one reduces the other enough to 
produce a slower speed. There is direct relationship between leg length 
and both stride length and stride frequency. A sprinter with shorter legs 
has naturally shorter strides, which brings the foot back to the ground 
sooner. Generally shorter the leg, shorter the stride and greater the 
frequency. In case of 800 m running, stride length is longer and stride 
frequency is lower than the sprint event. But in 1500-5000 m and 
5000 -10000 m running stride length is medium and stride frequency is 
smaller than 800 m running. 
Therefore 800 m runners mean stature is greater than 1500 -
5000 m and 5000 -10000 m runners. 
Sitting height: 
It is observed that the mean sitting height of 800 m runners is 
significantly greater than 5000 - 10000 m runners. Whereas there is no 
significant difference between the mean sitting height of 800 m and 
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1500 - 5000 m runners and also between the mean sitting height of 
1500 - 5000 m and 5000 ~ 10000 m runners. 
Cureton (1941) studied general people and observed similar 
results that general people with small trunks were physically weak in 
long sustained heavy work, but they might show great speed and 
endurance at high levels of athletic activity. 
The force applied on the lower limbs during the race is not 
maximal; the natural greater length of the lower extremities will help to 
provide them with the greater stride. As 800 m running is a speedy 
event in comparison to 1500-5000 m and 5000-10000 m running, 
therefore greater mean sitting heights of 800 m runners have additional 
advantage in comparison of 1500-5000 m and 5000 - 10000 m runners. 
Shoulder and Hip breadth: 
It is observed that the mean shoulder and hip breadth of 800 m 
runners is significantly greater than 5000 - 10000 m runners, and also 
the mean hip breadth of 800 m runners is significantly greater than 1500 
- 5000 m runners. Whereas there is no significant difference between 
the mean shoulder breadth of 800 m and 1500 - 5000 m runners and 
also between the mean shoulder and hip breadth of 1500 - 5000 m and 
5000- 10000 m runners. 
Gerhardt schmolinsky (1983) also observed similar results that 
the long distance runners had narrow shoulder and hip breadth in 
comparison to short distance runners. 
Greater shoulder and hip breadth of 800 m runners provides 
greater muscular mass and boney area, which provides the athlete with 
greater strength to perform powerful arm and leg action, which adds 
greater momentum to their running, which enhances their speed. Long 
distance runners' prerequisite is saving the energy for prolonged period 
of race, therefore their arm and leg actions lead in power and 
movement, thus lesser shoulder and hip breadth is observed with 
increasing distance of race. 
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Upper arm and Fore arm length: 
It is observed that the mean upper arm and fore arm length of 
800 m runners is significantly greater than 1500 - 5000 m and 5000 -
10000 m runners, and also observed that 1500 - 5000 m runners mean 
upper arm length is significantly greater than 5000 - 10000 m runners, 
whereas there is no significant difference between the mean fore arm 
length of 1500 - 5000 m and 5000 - 10000 m runners. 
800 m runners' prerequisite is speed. Greater upper and fore arm 
length of middle distance runners' provides greater range of movement 
and momentum, which favors in maintaining their speed. As the 
distance of race increases, the requirement of maintaining running 
movement for longer time also increases. Therefore long distance 
athlete had to comprise for speed and power, so they avoid wider 
movement of upper and fore arm to save the energy for prolonged 
period of running time. Thus with increase in the distance of race the 
arm length decreases. 
Thigh and lower leg length: 
It is observed that the mean thigh and lower leg length of 800 m 
runners is significantly greater than 1500 - 5000 m and 5000 - 10000 m 
runners, and also observed that 1500 - 5000 m runners mean lower leg 
length is significantly greater than 5000 - 10000 m runners, whereas 
there is no significant difference between the mean thigh length of 
1500 - 5000 m and 5000 - 10000 m runners. 
Eliben's (1972) study confirms our findings. He observed that in 
each anthropological character of the sprinters had long lower 
extremities especially their thigh. Amar (1920) results are half way in 
line with our findings. He pointed out that short heavyset people are 
remarkable strong and good weight lifter. The "grasshopper" type with 
relatively long legs (particularly fore legs) marks good jumper, runners 
and vaulters. 
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Running permits the body to float in the air between strides, with 
both feet off the ground approximately half the time. Thus the runners' 
strides can be considerably longer than the length of the legs. In theory, 
an increase in either stride length or stride frequency will increase a 
runners' speed. However, each of these factors has such an effect on 
the other that increasing one reduces the other enough to produce a 
slower speed. There is the direct relationship between leg length and 
both stride length and stride frequency. A sprinter with short legs has 
naturally shorter strides, which brings the foot back to the ground 
sooner if the stride was longer. Generally, shorter the leg, shorter the 
stride and greater the frequency. Larger leg length with larger 
musculature gives greater power to maintain greater speed, which is the 
successive requirement of race with increasing distances. 
Biceps and Calf muscles girth: 
It is observed that the mean biceps muscles girth and calf 
muscles girth of 800 m runners is significantly greater than 5000 -
10000 m runners. Whereas there is no significant difference between 
the mean biceps and calf muscles girth of 800 m and 1500 - 5000 m 
runners and also between the mean biceps and calf muscles girth of 
1500 - 5000 m and 5000 - 10000 m runners. 
Requirement of 800 m runners is speed, which can be sustained 
through greater muscular power, therefore the muscle cross sectional 
area (muscle girth) increases with shortening of running distance. 
Greater muscular mass also adds weight to the body, which requires 
additional energy to be carried for longer distances. Thus long distance 
athletes had lesser muscular mass. 
Sum of five skin fold and Endomorphic rating: 
It is observed that the mean sum of five skin fold of 800 m 
runners is significantly greater than 1500 - 5000 m and 5000 - 10000 m 
runners, also the mean endomorphic rating of 800 m runners is 
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significantly greater than 5000 - 10000 m runners. Whereas there is no 
significant difference between the mean sum of five skin fold and 
endomorphic rating of 1500 - 5000 m and 5000 - 10000 m runners, and 
also between the mean endomorphic rating of 800 m and 1500 - 5000 
m runners. 
Gerhardt schrnolinsky (1983) carried a similar study and 
observed that 800 - 1500 m and 5000 - 10000 m athletes had a 
reduced amount of body fat as compared to the short distance runners. 
800 m race is finished within 2 minutes whereas 5000 m and 10000 m 
are completed within 15 and 30 minutes respectively. Long distance 
runners' utilize more fat due to glycogen sparing effect. 800 m is 35%, 
1500 m is 50%, 5000 m is 80% and 10000 m is 90% aerobic race. Fat is 
metabolized aerobically only. Also glycogen-sparing effect is developed 
in long distance runners due to long-term training program. Therefore 
1500, 5000 and 10000 m runners' requires more fat metabolism in 
comparison to 800 m runners. 800 m is 65% anaerobic race where 
predominate energy is supplied through ATP - PC system and lactic 
acid system and back up energy is provided through the metabolism of 
carbohydrate. Therefore 800 m runners have more fat than 1500 - 5000 
m and 5000 - 10000 m runners. 
Humerus and Femur biepic condyle diameter: 
It is observed that the significant difference does not exist in the 
mean humerus and Femur biepic condyle diameter of three groups (800 
m, 1500 - 5000 m and 5000 - 10000 m runner groups), which is not 
supportive of our hypothesis i.e. there is insignificant difference in 
humerus and Femur biepic condyle diameter of three groups. 
Ulesomorphic rating: 
It is observed that the mean mesomorphic rating of 800 m 
runners is significantly greater than 5000 - 10000 m runners, and also 
the mean mesomorphic rating of 1500 - 5000 m runners is significantly 
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greater than 5000 - 10000 m runners, whereas there is no significant 
difference between the mean mesomorphic rating of 800 m and 1500 -
5000 m runners. 
Carter's (1970) study confirms our findings. He observed that the 
800 - 1500 m runners were half a unit higher on mesomorphy than 
5000 - 10000 m runners and marathon runners whereas the 5000 -
10000 m were half a unit higher on the third component than the other 
two groups. 
Greater mesomorphy rating of 800 m runners provides greater 
muscular mass and bony area, which provides the athlete with greater 
strength to perform powerful arm action, which adds greater momentum 
to their running, which in turn enhances their speed. Long distance 
runners' prerequisite is saving energy for prolonged period of race, 
therefore their arm actions lead in power and movement, thus lesser 
mesomorphic rating is observed with increasing distance of race. 
Ectomorphic rating and Sitting height- Stature index: 
It is observed that the significant difference does not exist in the 
mean ectomorphic rating and sitting height - stature index of three 
groups (800 m, 1500 - 5000 m and 5000 - 10000 m runner groups), 
which is not supportive of our hypothesis i.e. there is insignificant 
difference in ectomorphic rating and sitting height - stature index of 
three groups. 
Ponderal index: 
It is observed that the mean ponderal index of 1500 - 5000 m 
runners is significantly greater than 800 m runners and also 5000 -
10000 m runners' mean ponderal index is significantly greater than 800 
m runners, whereas there is no significant difference between the mean 
ponderal index of 1500 - 5000 m and 5000 - 10000 m runners. 
Kohlrausch (1929) carried out a study on the athletes who 
participated in the 1928 Olympic Games at Amsterdam and observed 
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that the middle distance runners averaged weight / height index was 
greater than long distance runners. 
It will then become evident that long distance runners' weight will 
be the lighter. On the one hand this indicates the importance of a 
favorable weight strength ratio but on the other hand shows that running 
performances depend mainly on the function of potentials and not so 
much on strength produced by actual muscle volume. 
Thigh length - Lower leg length index: 
It is observed that the mean thigh length - lower leg length index 
of 800 m runners is significantly greater than 1500 - 5000 m and 5000 -
10000 m runners. Whereas there is no significant difference between 
the mean thigh length - lower leg length index of 1500 - 5000 m and 
5000- 10000 m runners. 
Amar (1920) also observed similar results and pointed out that 
short heavyset people are remarkably strong and good v^eight lifter. The 
"grasshopper" type with relatively long legs (particularly fore legs) marks 
good jumper, runners, vaulters and hurdlers. 
Running permits the body to float in the air between strides, with 
both feet off the ground approximately half the time. Thus the runners' 
strides can be considerably longer than the length of the legs. In theory, 
an increase in either stride length or stride frequency will increase a 
runner's speed. However, each of these factors has such an effect on 
the other that when increasing one and reduces the other enough to 
produce a slower speed. There is the direct relationship between leg 
length and both stride length and stride frequency. A sprinter with short 
legs has naturally shorter strides, which brings the foot back to the 
ground sooner than if the stride was longer. Generally, shorter the leg, 
shorter the stride and greater the frequency. 
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Upper arm length - Lower arm length index: 
It is observed that the significant difference does not exist in the 
mean upper arm length - lower arm length index of three groups (800 
m, 1500 - 5000 m and 5000 - 10000 m runner groups), which is not 
supportive of our hypothesis i.e. there is insignificant difference in upper 
arm length - lower arm length index of three groups. 
Hip breadth - Stature index: 
It is observed that the mean hip breadth - stature index of 800 m 
runners is significantly greater than 1500 - 5000 m and 5000 - 10000 m 
runners. Whereas there is no significant difference between the mean 
hip breadth - stature index of 1500 - 5000 m and 5000 - 10000 m 
runners. 
Greater stature with narrow hip proportions renders the athlete 
with greater speed and range of actions. 
Shoulder breadth - Stature index: 
It is observed that the significant difference does not exist in the 
mean shoulder breadth - stature index of three groups (800 m, 1500 -
5000 m and 5000 - 10000 m runners groups), which is not supportive of 
our hypothesis i.e. there is insignificant difference in shoulder breadth -
stature index of three groups. 
Heart rate: 
It is observed that the mean heart rate of 800 m runners is 
significantly greater than 1500 - 5000 m and 5000 - 10000 m runners. 
Whereas there is no significant difference between the mean heart rate 
of 1500 - 5000 m and 5000 - 10000 m runners. 
S.Sundberg and R.EIovainio (1982) carried out a study to 
ascertain the cardio respiratory difference between elite male 
endurance runners aged 12 to 16 years and ordinary boys of the same 
age group. They fouv^d out that elite endurance runnevs had lower 
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resting heart rate and larger heart volume than ordinary boys of the 
same age group. 
The differentials of heart rate of middle and long distance runners 
are increased cardiac output due to increase ventricular volume and 
cardiac hypertrophy. Endurance training improves myocardial strength, 
which contributes to stroke power during systole (Frank L. Katch). At 
muscle level, it increases O2 intake because of greater capillary 
network. This causes increased efficiency of muscles in relation to O2 
consumption. As a result, O2 requirement per kg. of muscles is 
decreased. Thus, decreased blood requirement, which leads to 
decreased heart rate. 
Vital capacity: 
It is observed that the mean vital capacity of 800 m runners is 
significantly greater than 5000 - 10000 m runners. Whereas there is no 
significant difference between the mean vital capacity of 800 m and 
1500 - 5000 m runners and also between the mean vital capacity of 
1500 - 5000 m and 5000 - 10000 m runners. 
Kohlrausch (1929) carried a similar study and observed similar 
results that the middle distance runners' averaged vital capacity was 
more than long distance runners. 
This is due to the fact that lungs volume increases with training 
due to increased alveolar size. As a result O2 intake increases because 
of greater capillary network surrounding alveolar membrane. It also 
permits greater gaseous exchange which is vice-versa factor that 
enhances performance of middle and long distance runners groups. 
These discussion of various research studies in light of our 
findings is leading us to conclude that the observed significant 
differences in the various physical and physiological variables of middle 
and long distance runners are decisive determinants of the performance 
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limits binding these runners which is confirming the fact that competitive 
sports demands event specific physical stature. 
Top level performance demands a particular type of body size, 
shape and proportion. Numerous researchers had observed high co-
relation betv\/een the body profiles of athletes and performance in 
specific tasks. Hirata had suggested that nation with people whose 
general physique is limited to the characteristics of champions in certain 
events must concentrate their training program on those event only. 
Carter had also suggested that the athletes who wish to achieve 
success in sports a\ high ievel mus\ compare their physique with 
Olympic athletes. 
Thus our findings are setting guideline for coaches and up-
coming athletes for comparing their physical structure with the elite 
middle and long distance runners of our country. If their structure is 
inline with the high performers then they may also achieve their status, 
subject to the optimization of other factors. 
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SUMMARY, CONCLUSION AND 
RECOMMENDATION 
The poor performance of Indian Athletes at the international level 
has been a cause of great concern, especially to the coaches, physical 
educationists and sports scientists. Efforts have been made to improve 
the standard of our sportsmen for a long time, but little success has 
been achieved, so far, in this respect. 
Body structure plays a very significant role in determining human 
movements. Structural variations in body segments affect its 
movements. A specific type of body structure predisposes human body 
to advantage in a specific type of movement. The segmental length and 
breadth determine the leverage, possessed by the body (position of 
fulcrum and various lengths of load and efforts arms), which, in turn, 
affects the final out come of force, created by muscles and its ultimate 
exploitation, for the purpose of motions. 
This study was an attempt to highlight physical and physiological 
differences among elite middle and long distance runners of our 
country. The aim of this study was to compare the selected physical and 
physiological parameters of elite middle and long distance runners. 
For the purpose of this study 50 Indian elite male middle and long 
distance runners were selected from 
> India camp held at Patiala - Data of 7 athletes of 800 m runners, 9 
athletes of 1500 - 5000 m runners and 10 athletes of 5000 - 10000 
m runners were collected from 14'^  May to 24'^ May 2005. 
> All India Inter-varsity, held at Ranchi - Data of 3 placeholder athletes 
of 800 m runners, 4 placeholder (1 athlete of previous year) athletes 
of 1500 - 5000 m runners and 4 placeholder (1 athlete of previous 
year) athletes of 5000 - 10000 m runners were collected from 25"^ 
Jan to 1'^ Feb 2004. 
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> Lucknow and Allahabad sports hostel - Data of 4 athletes of 800 m 
runners, 4 athletes of 1500 - 5000 m runners and 5 athletes of 5000 
- 10000 m runners were collected from 24'" June to 30*'' June 2005. 
The study was delimited to the following physical and 
physiological parameters. 
Physical parameters: 1) Weight, 2) Stature, 3) Sitting Height, 4) 
Shoulder breadth 5) Hip breadth, 6) Upper arm length, 7) Fore arm 
length, 8) Thigh length, 9) Lower leg length , 10) Biceps muscle girth, 
11) Calf muscle girth, 12) Triceps skin fold, 13) Sub-scapular skin fold, 
14) Suprailium skin fold, 15) Calf skin fold, 16) Thigh skin fold, 
17) Humerus biepic condyle diameter, 18) Femur biepic condyle 
diameter, 19) Somatotype i) Endomorphic rating, ii) Mesomorphic 
rating, iii) Ectomorphic rating, 20) Body proportionality i) Sitting height -
stature index, ii) Ponderal index, iii) Thigh length - lower leg length 
index, iv) Upper arm length - lower arm length index, v) Hip breadth -
stature index, vi) Shoulder breadth - stature index. 
Physiological parameters: 1) Heart rate, 2) Vital capacity. 
The researcher had gone to various parts of India for gathering 
the relevant data, all standards equipments and techniques were used. 
F - test and scheffe's test at 0.05 level of significance were used 
to find out the significant difference among 800 m, 1500 - 5000 m and 
5000 - 10000 m runner groups. 
Results of the statistical analysis shows significant F - value for 
weight = 49.89, stature = 22.40, sitting height = 4.70, shoulder breadth 
= 5.93, hip breadth = 20.63, upper arm length = 38.09, fore arm length = 
10.48, thigh length = 21.61, lower leg length = 25.69, biceps muscles 
girth = 10.76, calf muscles girth = 4.96, sum of five skin fold = 12.01, 
endomorphic rating = 3.71, mesomorphic rating = 10.84, ponderal index 
= 14.25, thigh length - lower leg length index = 22.28, hip breadth -
stature index = 9.25, heart rate = 12.91 and vital capacity = 3.97 
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However insignificant F - value v^ere obtained for humerus biepic 
condyle diameter, femur biepic condyle diameter, ectomorphic rating, 
sitting height - stature index, upper arm length - lower arm length index 
and shoulder breadth - stature index. 
F - Value required for significance at .05 level of confidence was 
3.20 
Further, scheffe's test analysis indicated that the 800 m runners' 
mean weight, stature, hip breadth, upper arm length, fore arm length, 
thigh length, lower leg length, sum of five skin fold, thigh length - lower 
leg length index, hip breadth - stature index and heart rate were 
significantly greater than 1500 - 5000 m runners and 800 m runners' 
mean ponderal index was lesser than 1500 - 5000 m runners. 
However no differences were found between sitting height, 
shoulder breadth, biceps muscles girth, calf muscles girth, humerus 
biepic condyle diameter, femur biepic condyle diameter, endomorphic 
rating, mesomorphic rating, ectomorphic rating, sitting height - stature 
index, upper arm length - lower arm length index, shoulder breadth -
stature index and vital capacity of 800 m and 1500 - 5000 m runners. 
Scheffe's test analysis indicated that the 800 m runners' mean 
weight, stature, sitting height, shoulder breadth, hip breadth, upper arm 
length, fore arm length, thigh length, lower leg length, biceps muscles 
girth, calf muscles girth, sum of five skin fold, endomorphic rating, 
mesomorphic rating, thigh length - lower leg length index, hip breadth -
stature index, heart rate and vital capacity were greater than 5000 -
10000 m and 800 m runners' mean ponderal index was lesser than 
5000- 10000 m runners. 
However no differences were found between humerus biepic 
condyle diameter, femur biepic condyle diameter, ectomorphic rating, 
sitting height - stature index, upper arm length - lower arm length index 
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and shoulder breadth - stature index of 800 m and 5000 - 10000 m 
runners 
Scheffe's test analysis indicated that the 1500 - 5000 m runners' 
mean upper arm length, lower leg length and mesomorphic rating, were 
greater than 5000 - 10000 m runners. 
However no differences were found between mean weight, 
stature, sitting height, shoulder breadth, hip breadth, fore arm length, 
thigh length, biceps muscles girth, calf muscles girth, sum of five skin 
fold, humerus biepic condyle diameter, femur biepic condyle diameter, 
endomorphic rating, ectomorphic rating, sitting height - stature index, 
ponderal index, thigh length - lower leg length index, upper arm 
length - lower arm length index, hip breadth - stature index, shoulder 
breadth - stature index, heart rate and vital capacity of 1500 - 5000 m 
and 5000 - 10000 m runners 
The reviews of various research studies in light of our findings is 
leading us to conclude that the observed significant differences in the 
various physical and physiological variables of elite middle and long 
distance runners are decisive determinants of the performance limits 
binding these athletes. This is conforming the fact that competitive sport 
demands event specific physical structure. 
Top-level performance demands a particular type of body size, 
shape and proportion. Numerous researchers had observed high co-
relations between the body profile of athletes and performance in 
specific tasks. Hirata had suggested that Nation with people whose 
general physique is limited to the characteristics of champions in certain 
events must concentrate their training programme on those events only. 
Carter had also suggested that the athletes who wish to achieve 
success in sports at high level must compare their physique with 
Olympic athletes. 
Thus the findings of this study will be useful to coaches in track 
and field. As hard empirical facts obtained could from the basis of talent 
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selection in the very field. It is also to be noted that not much empirical 
work has been done to study the physical and physiological differences 
between elite middle and long distance runners of India. This research 
had highlighted the physical and physiological characteristics of middle 
and long distance runners. It had also shown physique in relation to the 
mechanical requirement of the two categories of running events. 
CONCLUSIONS: 
The findings of our study had led us to draw the following 
conclusions: 
Physical variables: 
> 800 m runners' had greater weight, stature, hip breadth, upper 
arm length, fore arm length, thigh length, lower leg length, sum of 
five skin fold, thigh length - lower leg length index and hip 
breadth - stature index than 1500 - 5000 m runners. 
> 800 m runners' had lesser ponderal index than 1500 -5000 m 
runners. 
> No differences were found between sitting height, shoulder 
breadth, biceps muscles girth, calf muscles girth, humerus biepic 
condyle diameter, femur biepic condyle diameter, endomorphic 
rating, mesomorphic rating, ectomorphic rating, sitting height -
stature index, upper arm length - lower arm length index and 
shoulder breadth - stature index of 800 m runners and 1500 -
5000 m runners. 
> 800 m runners' had greater mean weight, stature, sitting height, 
shoulder breadth, hip breadth, upper arm length, fore arm length, 
thigh length, lower leg length, biceps muscles girth, calf muscles 
girth, sum of five skin fold, endomorphic rating, mesomorphic 
rating, thigh length - lower leg length index and hip breadth -
stature index than 5000 - 10000 m runners. 
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> 800 m runners' had lesser ponderal index than 5000 - 10000 m 
runners. 
> No differences were found between humerus biepic condyle 
diameter, femur biepic condyle diameter, ectomorphic rating, 
sitting height - stature index, upper arm length - lower arm 
length index and shoulder breadth - stature index of 800 m and 
5000- 10000 m runners 
> 1500 - 5000 m runners' had greater upper arm length, lower leg 
length and mesomorphic rating than 5000 - 10000 m runners. 
> No differences were found between mean weight, stature, sitting 
height, shoulder breadth, hip breadth, fore arm length, thigh 
length, biceps muscles girth, calf muscles girth, sum of five skin 
fold, humerus biepic condyle diameter, femur biepic condyle 
diameter, endomorphic rating, ectomorphic rating, sitting height-
stature index, ponderal index, thigh length - lower leg length 
index, upper arm length - lower arm length index, hip breadth -
stature Index and shoulder breadth - stature index of 1500 - 5000 
m and 5000 - 10000 m runners. 
Physiological variables: 
> 800 m runners' had greater heart rate than 1500 - 5000 m 
runners. 
> No differences were found in vital capacity of 800 m and 1500-
5000 m runners. 
> 800 m runners' had greater heart rate and vital capacity than 
5000- 10000 m runners. 
> No physiological differences were found between 1500 - 5000 m 
and 5000 - 10000 m runners. 
RECOMMENDATIONS: 
1.The findings of the study should be tal<en in to consideration 
while going for talent hunts for probable potential middle and long 
distance runners. Children with the inherited physical and 
physiological characteristics as observed in our study may only 
be recommended for middle and long distance running. 
2. Along with physical and physiological parameters, psychological 
and biomechanical parameters of middle and long distance 
runners should also be studied. 
3. Further, a study should be conducted to compare world elite 
middle and long distance runners in relation to physical, 
physiological, psychological and mechanical parameters. 
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APPENDIX 
1 
7-. 
1. 
2. 
3. 
4. 
<, 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Parameters 
Weight (Kg.) 
Stature (Cms.) 
Sitting height (Cms.) 
Shoulder breadth (Cms.) 
Hip breadth (Cms.) 
Upper arm length (Cms.) 
Fore arm length (Cms.) 
Thigh length (Cms.) 
Lower leg length (Cms.) 
Biceps muscles 
girth (Cms.) 
Calf muscles girth (Cms.) 
Triceps skin fold (Mm.) 
Sub scapular skin 
fold (Mm.) 
Supra illium skin 
fold (Mm.) 
Calfskin fold (Mm.) 
Thigh skin fold (Mm.) 
Humerus biepic condyle 
diameter (Cms.) 
Femur biepic condyle 
diameter (Cms.) 
Heart rate (Beats/min.) 
Vital capacity (cc) 
Name of the subjects ( 800 m runners ) 
Tej karan 
66 
177 
88 
39 
32 
35 
30 
50 
51 
29 
33 
5.2 
8.6 
3.2 
4.5 
5.7 
5.9 
9.0 
52 
6200 
Jaya 
kumar 
62 
175 
88 
41 
36 
34 
28 
48 
49 
30 
33 
4.4 
7.4 
3.4 
4.6 
5.3 
6.5 
8.2 
48 
5800 
Ram murti 
yadav 
65 
169 
83 
40 
30 
33 
28 
44 
48 
26 
35 
5.5 
7.5 
6.4 
5.0 
8.0 
6.5 
9.5 
48 
6100 
K.M. Binu 
66 
177 
88 
39 
32 
35 
30 
50 
51 
29 
33 
5.2 
8.6 
3.2 
4.5 
5.7 
6.9 
9.0 
52 
6200 
Ghamanda 
ram 
65 
176 
87 
40 
34 
29 
49 
50 
30 
34 
4.6 
7.5 
3.3 
4.6 
5.5 
6.0 
9.1 
50 
6200 
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d 
1. 
2. 
3 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17 
18. 
19. 
20. 
Parameters 
Weight (Kg) 
Stature (Cms) 
Sitting height (Cms) 
Shoulder breadth (Cms) 
Hip breadth (Cms) 
Upper arm length (Cms) 
Fore arm length (Cms) 
Thigh length (Cms) 
Lower leg length (Cms) 
Biceps muscles girth (Cms) 
Calf muscles girth (Cms) 
Triceps skin fold (Mm ) 
Sub scapular skin fold 
(Mm) 
Supra illium skin fold 
(Mm) 
Calfskmfold(Mm) 
Thigh skin fold (Mm ) 
Humerus biepic condyle 
diameter (Cms) 
Femur biepic condyle 
diameter (Cms) 
Heart rate (Beats/min) 
Vital capacity (cc) 
Name of the subjects ( 800 m runners ) 
IVlunna 
Singh 
64 
175 
88 
40 
30 
33 
28 
45 
47 
27 
33 
5.0 
8.1 
5.2 
6.5 
8.6 
6.5 
9.0 
47 
6000 
Vikas 
kumar 
62 
180 
88 
40 
33 
35 
30 
49 
50 
29 
35 
5.0 
7.6 
4.2 
7.5 
6.0 
6.5 
9.0 
48 
5500 
P.S. 
Primesh 
62 
180 
88 
41 
34 
35 
30 
50 
51 
30 
35 
4.4 
7.4 
3.2 
4.5 
5.3 
6.5 
9.5 
52 
6000 
T.M. 
Sanjeevan 
66 
175 
87 
39 
31 
33 
28 
46 
48 
29 
34 
4.6 
7.6 
3.4 
4.6 
5.4 
6.9 
9.0 
50 
5000 
Ganjender 
singh 
58 
179 
88 
40 
33 
34 
29 
48 
49 
30 
34 
5.0 
8.2 
4.0 
5.0 
5.8 
6.5 
8.5 
50 
6100 
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6 
c/5 
1 
2 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11 
12 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Parameters 
Weight (Kg) 
Stature (Cms) 
Sitting height (Cms) 
Shoulder breadth (Cms) 
Hip breadth (Cms) 
Upper arm length (Cms) 
Fore arm length (Cms ) 
Thigh length (Cms) 
Lower leg length (Cms) 
Biceps muscles girth (Cms) 
Calf muscles girth (Cms) 
Triceps skin fold (Mm ) 
Sub scapular skin fold 
(Mm) 
Supra illium skin fold 
(Mm) 
Calfskmfold(Mm) 
Thigh skin fold (Mm ) 
Humerus biepic condyle 
diameter (Cms) 
Femur biepic condyle 
diameter (Cms) 
Heart rate (Beats/min) 
Vital capacity (cc) 
Name of the subjects ( 800 m runners ) 
R.K.Gopalan 
62 
180 
88 
41 
34 
35 
30 
50 
51 
30 
35 
5.2 
8.6 
4.2 
5.0 
58 
6.5 
9.0 
52 
5700 
Amit kumar 
60 
177 
88 
39 
32 
35 
30 
50 
51 
29 
33 
5 2 
8.6 
3.2 
4.5 
5.7 
6 9 
9.5 
52 
6200 
Suresh babu 
60 
178 
88 
39 
32 
35 
30 
51 
52 
29 
34 
5.2 
8.6 
3.2 
4.5 
5.7 
6.9 
9.5 
52 
5700 
Sanjeevan 
reddy 
66 
177 
88 
39 
32 
35 
30 
50 
51 
29 
33 
5.2 
8.6 
3.2 
4.5 
5.7 
5.9 
9.0 
52 
5700 
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6 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9, 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Parameters 
Weight (Kg.) 
Stature (Cms.) 
Sitting height (Cms.) 
Shoulder breadth (Cms.) 
Hip breadth (Cms.) 
Upper arm length (Cms.) 
Fore ann length (Cms.) 
Thigh length (Cms.) 
Lower leg length (Cms.) 
Biceps muscles girth (Cms.) 
Calf muscles girth (Cms.) 
Triceps skin fold (Mm.) 
Sub scapular skin fold 
(Mm.) 
Supra illium skin fold 
(Mm.) 
Calfskin fold (Mm.) 
Thigh skin fold (Mm.) 
Humerus biepic condyle 
diameter (Cms.) 
Femur biepic condyle 
diameter (Cms.) 
Heart rate (Beats/min.) 
Vital capacity (cc) 
Name of the subjects (1500 - 5000 m runners ) 
Pritam 
kumar 
bind 
47 
166 
85 
36 
29 
31 
25 
43 
46 
25 
32 
3.7 
5.5 
2.4 
4.5 
6.0 
6.0 
8.7 
45 
5800 
Sunil 
kumar 
59 
174 
87 
41 
32 
35 
28 
47 
49 
28 
33 
4.1 
6.4 
3.4 
4.5 
6.5 
6.0 
9.2 
42 
5600 
Mukesh 
kumar 
51 
167 
86 
37 
29 
32 
27 
42 
48 
25 
33 
4.0 
8.5 
3.0 
5.0 
4.5 
6.5 
8.5 
45 
5700 
R.B.Subba 
54 
166 
86 
38 
30 
33 
26 
40 
45 
27 
35 
4.0. 
9.0 
4.0 
3.5 
4.5 
6.5 
8.5 
50 
5500 
Shashi 
prakash 
50 
166 
85 
37 
27 
32 
26 
49 
46 
25 
32 
3.7 
6.5 
3.4 
5.0 
6.5 
6.5 
8.5 
45 
5500 
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1 
2 
3. 
4 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Parameters 
Weight (Kg.) 
Stature (Cms.) 
Sitting height (Cms.) 
Shoulder breadth (Cms.) 
Hip breadth (Cms.) 
Upper arm length (Cms ) 
Fore arm length (Cms.) 
Thigh length (Cms.) 
Lower leg length (Cms) 
Biceps muscles girth (Cms.) 
Calf muscles girth (Cms.) 
Triceps skin fold (Mm.) 
Sub scapular skin fold 
(Mm.) 
Supra illium skin fold 
(Mm.) 
Calfskin fold (Mm.) 
Thigh skin fold (Mm.) 
Humerus biepic condyle 
diameter (Cms.) 
Femur biepic cond>le 
diameter (Cms.) 
Heart rate (Beats/min.) 
Vital capacity (cc) 
Name of the subjects (1500 - 5000 m runners ) 
Yogendra 
singh 
60 
173 
88 
42 
30 
32 
28 
44 
50 
28 
35 
3.7 
5.0 
2.7 
2.8 
4.5 
6.5 
9.0 
45 
6100 
Raj nath 
yadav 
59 
177 
91 
40 
31 
34 
30 
47 
49 
30 
35 
3.8 
5.6 
2.6 
4.4 
6.5 
6.5 
9.0 
47 
5600 
Jha 
ranjan 
55 
167 
86 
39 
32 
32 
29 
43 
47 
30 
36 
4.5 
7.5 
5.0 
4.5 
6.0 
6.0 
9.5 
45 
6000 
Ram 
murti 
yadav 
58 
174 
88 
42 
32 
35 
30 
47 
50 
30 
35 
4.1 
9.1 
3.4 
5.0 
6.5 
6.5 
9.5 
47 
6100 
Amzad ali 
48 
166 
85 
37 
30 
31 
25 
40 
46 
25 
32 
3.7 
5.0 
2.4 
3.5 
4.5 
6.6 
8.5 
50 
5500 
130 
1 
2 
3 
4 
5 
6 
7. 
8. 
9. 
10. 
11 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Parameters 
Weight (Kg) 
Stature (Cms) 
Sitting height (Cms) 
Shoulder breadth (Cms) 
Hip breadth (Cms) 
Upper arm length (Cms) 
Fore arm length (Cms ) 
Thigh length (Cms) 
Lower leg length (Cms) 
Biceps muscles girth (Cms) 
Calf muscles girth (Cms) 
Triceps skin fold (Mm ) 
Sub scapular skin fold 
(Mm) 
Supra illium skin fold 
(Mm.) 
Calfskmfold(Mm) 
Thigh skin fold (Mm ) 
Humerus biepic condyle 
diameter (Cms) 
Femur biepic condyle 
diameter (Cms) 
Heart rate (Beats/min) 
Vita! capacity (cc) 
Name of the subjects (1500 - 5000 m runners ) 
S.G.Haris 
49 
167 
^6 
37 
30 
32 
26 
41 
47 
26 
33 
3.7 
5.1 
2.6 
3.6 
47 
6.0 
8.5 
45 
6000 
Daljit 
Singh 
48 
166 
86 
37 
29 
31 
25 
40 
46 
26 
32 
3.6 
5.0 
2.6 
3.5 
4.5 
6.5 
8.0 
50 
5500 
Gopala 
Ram 
52 
168 
86 
38 
30 
32 
27 
43 
47 
27 
33 
3.8 
5.5 
3.0 
4.5 
5.5 
60 
9.0 
46 
5600 
Balwant 
Singh 
54 
170 
86 
40 
30 
34 
29 
48 
49 
28 
36 
3.8 
6.5 
3.4 
3.5 
4.5 
6.5 
9.0 
45 
6000 
Sandeep 
mishra 
55 
168 
87 
38 
30 
32 
26 
40 
46 
27 
33 
3.8 
5.6 
2.7 
3.5 
5.4 
6.5 
8.5 
52 
5500 
131 
d 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Parameters 
Weight (Kg.) 
Stature (Cms.) 
Sitting heigiit (Cms.) 
Shoulder breadth (Cms.) 
Hip breadth (Cms.) 
Upper arm length (Cms.) 
Fore arm length (Cms.) 
Thigh length (Cms.) 
Lower leg length (Cms.) 
Biceps muscles girth (Cms.) 
Calf muscles girth (Cms.) 
Triceps skin fold (Mm.) 
Sub scapular skin fold (Mm.) 
Supra illium skin fold (Mm.) 
Calfskin fold (Mm.) 
Thigh skin fold (Mm.) 
Humerus biepic condyle 
diameter (Cms.) 
Femur biepic condyle 
diameter (Cms.) 
Heart rate (Beats/min.) 
Vital capacity (cc) 
Name of the subjects ( 1500 - 5000 m 
runners) 
Bipul singh 
57 
170 
87 
38 
30 
33 
27 
45 
48 
28 
35 
3.7 
5.0 
2.4 
4.0 
5.5 
6.5 
9.5 
47 
5600 
Sushil kumar 
47 
166 
85 
36 
30 
32 
25 
40 
47 
26 
32 
3.8 
5.1 
2.5 
3.5 
4.5 
6.0 
8.5 
45 
5500 
132 
o 
1„ 
2. 
3. 
4. 
5. 
6. 
7. 
8, 
9. 
10, 
11. 
12. 
1.3. 
14. 
15. 
16. 
17, 
18. 
19. 
20. 
Parameters 
Weight (Kg,) 
Stature (Cms.) 
Sitting height (Cms.) 
Shoulder breadth (Cms.) 
Hip breadth (Cms.) 
Upper arm length (Cms.) 
Fore arm length (Cms.) 
Thigh length (Cms.) 
Lower leg length (Cms.) 
Biceps muscles girth (Cms.) 
Calf muscles girth (Cms.) 
Triceps skin fold (Mm.) 
Sub scapular skin fold 
(Mm.) 
Supra illium skin fold 
(Mm.) 
Calfskin fold (Mm.) 
Thigh skin fold (Mm.) 
Humerus biepic condyle 
diameter (Cms.) 
Femur biepic condyle 
diameter (Cms.) 
Heart rate (Beats/min.) 
Vital capacity (cc) 
Name of the subjects ( 5000 - 10000 m runners ) 
Upender k 
53 
163 
83 
38 
29 
29 
26 
42 
46 
28 
31 
4.5 
10.5 
5.0 
3.5 
4.5 
6.5 
9.0 
48 
5500 
Arbind 
kumar 
yadav 
47 
164 
83 
39 
28 
33 
27 
41 
45 
26 
32 
2.8 
4.3 
3.8 
4.6 
5.5 
5.5 
8.0 
45 
5500 
Satish 
kumar 
55 
165 
85 
38 
29 
30 
26 
44 
45 
25 
32 
3.5 
6.5 
3.5 
4.5 
5.1 
6.5 
8.5 
46 
5600 
Jagdees 
56 
166 
86 
36 
30 
30 
26 
44 
45 
25 
34 
3.0 
6.0 
3.5 
4.0 
5.1 
6.0 
9.0 
47 
6000 
Devender 
singh 
60 
176 
90 
41 
32 
33 
29 
49 
48 
30 
35 
4.5 
9.5 
4.0 
5.0 
6.5 
7.0 
9.0 
50 
5500 
133 
6 
Z 
1 
2 
3 
4 
5. 
6. 
7 
8. 
Q. 
10 
11 
12. 
13. 
14. 
15 
16. 
17. 
18. 
19. 
20. 
P a r a m e t e r s 
Weight (Kg) 
Stature (Cms) 
Sitting height (Cms) 
Shoulder breadth (Cms) 
Hip breadth (Cms) 
Upper arm length (Cms) 
Fore arm length (Cms) 
Thigh length (Cms) 
Lower leg length (Cms) 
Biceps muscles girth (Cms) 
Calf muscles girth (Cms) 
Triceps skin fold (Mm ) 
Sub scapular skin fold 
(Mm) 
Supra illium skin fold 
(Mm.) 
Calf skm fold (Mm) 
Thigh skm fold (Mm ) 
Humerus biepic condyle 
diameter (Cms) 
Femur biepic condyle 
diameter (Cms) 
Heart rate (Beats/mm) 
Vital capacity (cc) 
Name of the subjects ( 5000 - 10000 m runners ) 1 
Gulab 
chand 
51 
163 
83 
33 
28 
29 
25 
42 
43 
23 
31 
2.7 
55 
2.4 
3.5 
4.1 
5.5 
8.0 
38 
5500 
Gurprect 
Singh 
48 
175 
88 
38 
31 
32 
28 
47 
48 
29 
34 
3.5 
7.5 
3.5 
4.5 
5.0 
6.5 
8.5 
44 
5600 
Hardev 
Prasad 
56 
170 
86 
38 
28 
29 
25 
42 
43 
23 
31 
3.7 
6.0 
3.6 
3.7 
5.0 
6.0 
8.5 
48 
6000 
Gurdeep 
singh 
55 
170 
85 
38 
30 
30 
27 
44 
45 
24 
34 
2.8 
6.0 
3.4 
4.5 
5.1 
6.5 
9.5 
50 
5500 
Rati Ram 
50 
169 
84 
37 
29 
30 
26 
44 
45 
23 
32 
2.8 
5.6 
3.4 
3.6 
4.2 
5.5 
8.0 
46 
5000 
134 
6 
Z 
in 
1. 
2. 
3. 
4. 
.5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
P a r a m e t e r s 
Weight (Kg.) 
Stature (Cms.) 
Sitting height (Cms.) 
Shoulder breadth (Cms.) 
Hip breadth (Cms.) 
Upper arm length (Cms.) 
Fore arm length (Cms.) 
Thigh length (Cms.) 
Lower leg length (Cms.) 
Biceps muscles girth 
(Cms.) 
Calf muscles girth (Cms.) 
Triceps skin fold (Mm.) 
Sub scapular skin fold 
(Mm.) 
Supra illium skin fold 
(Mm.) 
Calfskin fold (Mm.) 
Thigh skin fold (Mm.) 
Humerus biepic condyle 
diameter (Cms.) 
Femur biepic condyle 
diameter (Cms.) 
Heart rate (Beats/min.) 
Vital capacity (cc) 
Name of the subjects ( 5000 - 10000 m runners ) 
Yogesh 
Kumar 
48 
163 
83 
36 
28 
29 
25 
42 
43 
23 
31 
2.7 
5.5 
2.4 
3.5 
4.1 
5.5 
8.0 
42 
5500 
Ajay Veer 
Singh 
58 
170 
88 
40 
30 
32 
28 
45 
50 
30 
34 
4.5 
6.5 
4.2 
4.5 
5.0 
6.5 
9.5 
46 
6000 
A run 
D.Souza 
58 
175 
89 
40 
31 
32 
28 
43 
48 
29 
34 
4.4 
10.4 
4.3 
4.9 
6.4 
7.5 
9.5 
48 
5000 
Kuldeep 
kumar 
60 
176 
90 
41 
32 
33 
29 
44 
49 
30 
35 
4.5 
10.5 
4.5 
5.0 
6.5 
7.5 
9.5 
50 
5600 
B.B.manju 
nath 
49 
165 
85 
37 
28 
29 
25 
42 
44 
24 
32 
2.7 
5.6 
2.8 
3.7 
4.2 
6.0 
8.5 
48 
5500 
135 
6 
CO 
1. 
2. 
3. 
4. 
5. 
6, 
7, 
8 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20, 
Parameters 
Weight (Kg.) 
Stature (Cms.) 
Sitting iieight (Cms.) 
Shoulder breadth (Cms.) 
Hip breadth (Cms.) 
Upper arm length (Cms.) 
Fore arm length (Cms.) 
Thigh length (Cms.) 
Lower leg length (Cms.) 
Biceps muscles girth (Cms.) 
Calf muscles girth (Cms.) 
Triceps skin fold (Mm.) 
Sub scapular skin fold 
(Mm.) 
Supra illium skin fold 
(Mm.) 
Calfskin fold (Mm.) 
Thigh skin fold (Mm.) 
Humerus biepic condyle 
diameter (Cms.) 
Femur biepic condyle 
diameter (Cms.) 
Heart rate (Beats/min.) 
Vital capacity (cc) 
Name of the subjects ( 5000 -10000 m runners) 
C.Hamsa 
50 
165 
85 
37 
29 
30 
26 
43 
44 
24 
32 
2.8 
5.6 
2.5 
3.6 
4.2 
6.0 
8.5 
45 
6000 
Jiji Thomas 
48 
163 
83 
36 
28 
29 
25 
42 
43 
23 
31 
2.7 
5.5 
2.4 
3.5 
4.1 
5.5 
8.0 
42 
5500 
Shivanathan 
50 
165 
85 
37 
29 
30 
26 
42 
43 
23 
31 
2.7 
5.6 
2.5 
3.6 
4.2 
6.0 
9.0 
45 
5500 
Aman saini 
48 
164 
83 
37 
29 
30 
26 
43 
44 
24 
32 
2.7 
5.6 
2.5 
3.5 
4.2 
5.5 
8.0 
43 
6000 
136 
